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Abstract 
 
Over fifty percent of humans live in cities. The environmental cost of this is massive, as 
is the potential for utilizing privately held yards as an integral part of conservation in 
urban areas. The Backyard Habitat Certification Program (BHCP) in Portland, Oregon, 
was established to reduce invasive plants, support wildlife, and promote conservation. 
The program involves > 3000 yards certified at three tiers. While onsite inspections are 
required to verify compliance, there has never been an assessment of the value of these 
yards to wildlife. In chapter 1 I examined the relationships between the urban landscape 
and bird distributions outside of yards. In chapter 2 I evaluated the ability of the 
program to separate yards by assessing differences in vegetation structure and 
composition. In chapter 3 I tested if avian abundance, richness and diversity in yards are 
a product of responses to yard or landscape vegetation structure. I collected avian data 
at 146 yards and 73 random locations in 2013 and 2014. I used public landscape data 
and collected yard data in the field. Avian abundance, richness, and diversity were 
affected negatively by urbanization (especially impervious surface) and population 
density, but positively by tree cover. The BHCP was effective at distinguishing platinum 
yards from others, but overlap was relatively high among gold, silver and uncertified 
yards. Avian abundance, richness and diversity within yards was less affected by yard 
vegetation than the structure of habitat in the surrounding landscape. Species 
responded individualistically to yard vegetation and the urban landscape, and response 
was a continuum of tolerance to urbanization. Ultimately, the ability of yards to support 
wildlife will depend on widescale neighborhood participation.  
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Introduction 
 
Andrew D. Gibbs 
 
 
Before I begin Chapter 1, I would like to discuss with the reader the place of this 
document and my research in the world. It is not a groundbreaking study and does not 
add any great discoveries to the field of Ecology. I do however in these three chapters 
carefully fill in a blank space in our growing understanding of the biology of urban 
systems. Cities are the largest and most ecologically significant of all human creations, 
yet our understanding of them, and our willingness to modify them to support wildlife 
are meager. Our planet is at an inflection point. While catastrophic biodiversity loss is 
occurring, we compromise to support this destruction by building cities that are more 
supportive of cars than animals. This is where my work fits in. The world will overheat, 
mass extinction will continue. Most of the people in the world will resist any type of 
change that even moderately inconveniences them. I have used this project to identify a 
group of people, in one city, that is trying to buffer the pressing weight of the 
Anthropocene and try to determine if their efforts can have any impact at all.  
It has been shown repeatedly that birds in a city respond to sources of variation 
in the urban landscape such as tree canopy cover (Palomino and Carrascal 2006, White 
et al. 2005, Melles et al. 2003), impervious surface (Minor and Urban 2009, Trollope et 
al. 2009), and human population density (Koh et al. 2006, Luck 2007). The impact of 
these vary depending on the natural climate and native vegetation of the city in 
question (Luck 2007). Portland, Oregon, is an excellent test of the ability of an actively 
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managed urban wildlife matrix to support native species and discourage invasive ones. 
Human societies have the ability and resources to protect and restore former and 
degraded natural areas to near pristine conditions, even after years of industry and 
human use. Large scale restoration can be beneficial for wildlife (Ruiz-Jaén and Aide 
2005, Martin et al. 2005), by providing critical resources. The United States has laws in 
place such as the Clean Air Act (US EPA 2015), Clean Water Act (US EPA 2013), and the 
Endangered Species Act (US FWS 2013) to govern use of public and private lands by 
regulating and outlining mitigation of environmentally destructive practices. In Portland 
land use is governed by these laws and local regulations to control sprawl and increase 
housing density with an urban growth boundary and infill requirements for existing 
neighborhoods (Portland 2016 2). Portland maintains heavily treed greenways with 
designed limited auto access to promote bicycle use (Portland 2016 1), has established 
tree cover minimums, and future increases in tree cover are identified as a goal 
(Portland 2007).  In addition to managing the urban landscape for tree cover, Portland 
contains the largest urban forest in the United States (Forest Park 2025 ha), and dozens 
of smaller natural areas dispersed across the city.  
Portland is growing rapidly, with the rest of the world population, and the future 
will test environmental ideals displayed in cities like this. However well a city manages 
its own land, much of the space in every city is residential and privately owned. In 
Portland there are standards for such things as minimum landscaped area, tree removal 
limitations, and vegetation maintenance guidelines. Other than these safety and tree 
preservation goals, yards are generally free from control of the city, and can be 
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landscaped with anything from pure concrete, to highly invasive plants. This leaves the 
responsibility of providing usable wildlife habitat in neighborhoods in the hands of 
residential property owners. Urban yards and landscaping are generally terrible for 
wildlife (Bormann et al. 2001, Marzluff and Ewing 2001). Urban areas have low diversity 
and abundance of native invertebrates (Jones and Leather 2012) and birds (Chace and 
Walsh 2006), but suburban areas support diverse communities of birds (Blair 2004), 
which may be amplified by vegetation that matches the native habitat (Marzluff and 
Ewing 2001, Lerman and Warren 2011). This makes urban and suburban yards an 
important target for restoring habitat. 
  In chapter 1 I compare the distributions of birds in Portland to the distribution of 
urban habitat variables.  In Chapter 2 I test the validity of the different certification 
levels in the Portland Backyard Habitat Certification Program.  In Chapter 3 I test the 
ability of these yards to support wild bird populations. 
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Chapter 1 
 
Avian Community and Urban Habitat Analysis: 
 
Total Avian Abundance Species Richness and Species Diversity Decline with 
Increasing Urbanization in Portland Oregon. 
 
Abstract 
 
In urban landscapes that have been managed to promote wildlife it is important for 
independent study of the fauna to understand, the frequently difficult to ascertain, 
impacts of this management. Applied and basic research on birds in cities is frequently 
restricted to parks and greenspaces, ignoring most of the urban matrix. In Portland 
Oregon this is no less the case, and we have limited knowledge of how Portland’s 
avifauna is distributed across the city in relation to human population density, the built 
urban environment, or the urban living environment. To redress this situation, I used a 
randomized sampling of the birds of Portland, from 73 locations. At each point I 
conducted counts of birds in 2013 and 2014 to examine total avian abundance, species 
richness and diversity in relation to landcover and human demographic data. I used 
analysis of variance to compare avian community metrics and landscape structure 
among different regions of the city. I then used best subsets regression analysis to 
identify the primary determinants of variation in abundance, richness and diversity 
among survey points. Total avian abundance and diversity varied along common lines of 
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urbanization, with greater abundance and more diverse samples in areas with less 
impervious surface, fewer humans and greater canopy cover. Species richness varied in 
a similar fashion, but much less, as urban tolerant species replaced urban intolerant 
ones while total number of species remained constant. Analysis of encounter rate of 
individual species among points identified tree cover as the primary correlate for most 
species, suggesting that efforts to increase tree cover in the landscape matrix will likely 
promote diverse avian communities. 
 
Introduction 
 
Urban landscapes can be managed to increase livability by wildlife (McPherson 1988, 
Paker et al. 2014, Säumel et al. 2016) through many means, including the establishment 
and/or restoration of natural areas (Andersson et al. 2014), street tree planting (Mason 
et al. 2007), yard restoration efforts, and water management (Brown et al. 2010). 
However, management for livability for humans is also important for wildlife 
(McPherson 1988, Semenza 2003). Cities and urban regions with limited vegetation are 
generally considered less livable because they experience higher temperatures 
(Keresztesová et al. 2014), greater air and water pollution (Denman et al. 2006, Janhäll 
2015), more crime (Wolf and Mennis, 2012), and as consequence, property values are 
lower (Payton et al. 2008). The benefits of a treed urban landscape are considerable. 
Trees help to reduce particulate air pollution (Janhäll 2015), and pollution runoff 
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(Denman 2006, Brown et al. 2010). They provide critical habitat for birds (Melles et al. 
2003, White et al. 2005), and provide conditions that improve human physical and 
psychological well-being (Jackson 2003, Fuller et al. 2007, Berman et al. 2008). 
 While parks and greenspaces (P&GSs) will almost certainly always be the central 
focus for management of urban areas for wildlife, it will also always be the case that 
most of the urban landscape will exist outside of a park system. The ecologies of these 
spaces are intimately connected to the cities in which they are imbedded because the 
ecological integrity of P&GSs is in part dependent on the surrounding urban matrix 
(Tremblay and St. Clair 2011). The nature of the landscape outside of P&GSs has the 
potential to influence dispersal for some species (Mason et al. 2007, Minor and Urban 
2008), but for others also represents potentially habitable space that may support 
breeding populations (Fernández‐Juricic 2000, Mason et al. 2007). Improving the quality 
of the matrix can potentially improve the ecological value of P&GSs and increase 
livability of the matrix for birds and humans. However, understanding the dynamics of 
wildlife populations is difficult, and is especially challenging in urban areas because of 
the potential for P&GSs to also act as ecological traps (Shipley et al. 2013). 
 The suitability of the larger urban matrix for birds and other wildlife is 
dependent on several features. The presence of tree canopy cover appears especially 
important (Melles et al. 2003, White et al. 2005, Palomino and Carrascal 2006, Tremblay 
and St. Clair 2011), but loss of space to impervious surface (i.e., roads, parking lots, etc.; 
Minor and Urban 2009, Trollope et al. 2009) is also critical. In addition, vegetation 
complexity (Hülsmann et al. 2015), and indirect effects of human population density 
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(Koh et al. 2006, Luck 2007) have the potential to greatly affect wildlife. However, 
responses by birds to these landscape features vary among cities depending on climate 
and native vegetation (Chace and Walsh 2006, Luck 2007), and within each habitat type 
can be species-specific (Chace and Walsh 2006, Whittaker and Marzluff 2009). For 
instance, xeric-adapted bird species native to desert habitats tend to be excluded from 
irrigated urban and suburban habitats, while forest edge species of mesic habitats 
better tolerate urban landscapes (Chace and Walsh 2006, Lerman et al. 2012, Marzluff 
et al. 2016) if critical needs are met (Trollope et al. 2009). Those critical needs vary with 
the ecology and life history of each species. For example, many long-distance migrants 
and other forest interior species require trees for nesting (Tarvin and Garvin 2002, 
Crampton and Sedinger 2011) and foraging and feeding young (Oyugi and Brown 2003, 
Eggers et al. 2008, Becker et al. 2009, McDermott and Wood 2010), and as a 
consequence, are usually uncommon in urban settings (Marzluff 2001, but see Evans et 
al. 2011) where generalist and edge species dominate (Evans et al. 2011). Impervious 
ground surfaces can have particularly dramatic negative effects on habitat suitability for 
birds for many reasons including changing temperature dynamics (Luvall et al. 2000, 
Kalnay and Cai 2003), lowering abundance and diversity of arthropods (Jones and 
Leather 2012, Hülsmann et al. 2015), and preventing vegetation from becoming 
established. 
 The consequences of human population density on bird populations vary 
depending on each species’ ability to cope with anthropogenic stress (Schlesinger et al 
2008). Anthropogenic sources of food (Robb et al. 2008, Marzluff et al. 2012) and 
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potential nest sites benefit some (Mainwaring 2015, Tomasevic and Marzluff 2017), but 
most species find it increasingly difficult to persist as human population density 
increases (Robb et al. 2008). Ground-nesting birds, for instance, tend to be 
underrepresented in urban environments (Hedblom and Söderström 2010), at least in 
part because of change in predator communities because of the introduction of non-
native predators, principally domestic cats (Felis silvestris; Heezik et al. 2010, Loss et al.  
2013). Moreover, large predators tend to disappear in cities, whereas populations of 
mesopredators that often prey on the contents of bird’s nests increase (Crooks and 
Soulé 1999, Fischer et al. 2012). However, in regions with a mix of housing types and 
abundant vegetation, it is possible to support healthy and diverse wild bird communities 
(Marzluff et al. 2012). Indeed, some populations are evolving to better handle the 
unique conditions found in highly urbanized environments (Partecke et al. 2006). 
 Portland, Oregon, USA (45.52° N, 122.67° W, 15 m above sea level), with a 
population of 639,863 people (US Census Bureau 2017), is the 26th largest city in the 
United States. The total land area of the city is 375 km2, but the urban growth boundary 
currently encompasses an area of 1,407 km2. The population within the urban growth 
boundary is near 1.5 million people, and another 1 million people live in rural areas in 
the three counties of the Portland metropolitan area I used in this study. Portland’s park 
system totals 4,733 ha, of which 3,200 ha constitute natural areas, 8.5% of Portland’s 
area. The total proportion of Portland under park coverage, including developed parks 
(lawn dominated, but treed) is 12.6%. Tree canopy cover in the city averages 26% and is 
split equally between private and public land (Portland 2012). 
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 Portland’s regional management plans include the support of wildlife as a key 
goal (Portland Metro 2014). This is accomplished by purchasing new natural areas, 
creating regional wildlife corridors to connect wild areas, and reducing the area covered 
by impervious surface. The establishment of Portland’s urban growth boundary (since 
1978) may help to support wildlife by limiting loss of periurban natural areas and by 
promoting dense, but high quality urban living (Portland 2016 1). Additional efforts 
include building greenways for bicycle commuting that may also serve as wildlife 
corridors and aid in urban cooling, as tree planting efforts are prioritized to these car-
traffic-restricted corridors (Portland 2016 2). Portland is also home to a unique and 
extensive backyard habitat restoration program (3000+ yards) overseen by the Audubon 
Society of Portland (ASP) (ASP 2016). Portland thus provides an excellent opportunity to 
evaluate the degree to which avian communities can utilize urban landscapes and 
persist outside of P&GSs. I describe below the distribution of birds in Portland’s urban 
landscape stratified by region within the city (see below). More specifically, I compare 
avian richness, abundance, and species diversity during the avian breeding season (May 
to July) to the distribution of tree canopy cover, human population density, and 
landcover by impervious surfaces, water and other vegetation. I then examine the 
response of individual species to the same set of human demographic and landscape 
variables. 
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Methods 
 
The city landscape, point selection and survey protocol  
The Portland region has a mild to cool climate with an annual average temperature of 
12.4 C, annual rainfall of 100 cm per year, and occasional snow totaling 10 cm per year. 
Rain is possible in any month, with an average of 154 days of rain, but little rain falls 
between July and September. Annual temperature ranges from near freezing in January, 
to 35°C in the summer months, (U.S. climate 2017). There are 390 km of rivers and 
streams in Portland, and the city is bordered and divided by two large rivers, the 
Columbia and the Willamette, which are both navigable and are international shipping 
waterways. The Willamette River divides Portland into east and west halves (Figure 1.1), 
while a major highway (Burnside Street) sets the traditional boundary between north 
and south. A northwest turn in the Willamette River further separates Northwest 
Portland (NW) from North Portland (NP; Figure 1.1). In addition to the physical 
separation caused by the river, the five regions differ in topography, history of 
settlement, and in demographics to produce somewhat distinctive neighborhoods. 
Southwest Portland (SW) and NW are the most topographically complex with NW being 
dominated by a 13 km ridge that ranges in elevation from 50 m to 330 m. The ridge 
consists of several small natural areas, and Forest Park, which is a 2,025 ha undeveloped 
city park vegetated by mainly native conifers, hardwoods and associated understory 
vegetation. The neighborhoods of SW and NW Portland are integrated into the diverse 
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complex topography surrounding this natural area. Moving eastward from Forest Park 
the landscape becomes relatively flat, with geology dominated by clay and gravel 
deposits from the Missoula floods (Trimble 1963, Benito and O’Connor 2003). This 
continues to the east of the Willamette river into North East Portland (NE), Southeast 
Portland (SE), and north into NP, all varying no more than 20 m in elevation throughout 
the regions, except for several buttes (180 m to 320 m) formed by extinct volcanic 
cinder cones. The latter are now mostly forest covered and are dominant natural areas 
in these regions. NP is bordered by the Columbia River to the North, and the Willamette 
River to the South, and terminates at the confluence of the two rivers. 
Multiple studies have shown that bird species richness and abundance vary 
along human demographic lines (Kinzig et al. 2005, Davis et al. 2012). In the United 
States residents of lower income areas tend to be non-white, are more likely to be 
immigrants, and have less education than individuals in more affluent neighborhoods 
(Houston et al. 2004, US Census 2010). Non-white and diverse neighborhoods also tend 
to be less vegetated (Hope et al. 2003, Martin et al. 2004, Landry and Chakraborty 
2009), have fewer parks and natural areas (Wolch et al. 2005, Babey et al. 2007), but 
greater traffic (Houston et al. 2004) and lower bird species richness and diversity 
(McKinney 2008, Loss et al. 2009, Davis et al. 2012). Neighborhoods in SW are populated 
mainly by white, college-educated individuals with high incomes (Table 1.1). Human 
population density also tends to be the lowest in SW (Table 1.1). In contrast, among 
other regions of the city NP is tied for the highest proportion of non-white households, 
has the lowest proportion of college-educated individuals and ranks next to last for 
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annual income (Table 1.1). NW is curious in that household annual income is the lowest 
of all regions, but proportion of college-educated individuals is high (Table 1.1). NW is 
gentrified and highly urbanized, attracting young educated individuals. Regions thus 
vary considerably in multiple ways that are likely to affect the distribution, diversity, and 
abundance of birds and I attempt to account for this in my analyses. 
 
Field methods 
Surveys of birds were conducted in the months of May, June, July and August of 2013 
and 2014. To establish random survey points to characterize avifaunal use of the urban 
landscape I used the boundaries for the urban footprint of Portland and the five regions 
within the city described above as the boundary of my study area (Figure 1.1). The 
boundary encompassed all of Portland, OR, with small extensions into the adjacent 
municipalities of Lake Oswego and Gresham, OR. Perimeter length of the study area as 
measured in ArcMap10.2 (ESRI 2013) was 104,173 m and encompassed 66,017 ha 
(Figure 1.1). To select random points, I overlaid a grid on a map of the study area, with 
500 m x 500 m (25 ha) squares, and then randomly selected 100 squares with the 
restriction that they could not be in a body of water or in a natural area. The survey 
location within each selected square was determined by randomly choosing a number 
from 0-359 as a direction, and a number from 0.0 to 1.0 as a fractional distance from the 
center of the grid to its edge. The direction and distance were plotted from the center of 
each grid point to an approximate street address. Points that fell on major roads or 
highways were replaced with a new point chosen by repetition of the process described 
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above. Random spatial distribution of the points was confirmed in ArcMap using the 
Average Nearest Neighbor tool and the Euclidean Distance method. As expected mean 
distance between points (1330.7 m) did not differ from the observed mean distance 
(1309.5 m, z-score 0.291 p = 0.771). Points fell in a variety of urban habitat types 
including high and low density residential and industrial. I initially chose 100 points to 
survey, but this was reduced to 73 given time constraints or noise-related point 
exclusions (Appendix A, Table 1). Each point was surveyed either 3 or 4 times (256 total 
surveys). The number of randomly located survey points in each region (NP, NW, SW, 
SE, NE) differed (Table 1.1) because regions differed in size. 
 The random sites were sampled in conjunction with a simultaneous backyard 
habitat study that is reported elsewhere (Gibbs 2018 1, Gibbs 2018 2). Surveys were 
conducted in early mornings in 2013 (5 June through 24 July) and 2014 (May 25 to 
August 21). Usually 12, but between 8 and 16 points inclusive of yards and random 
points were surveyed each morning; 0 to 12 of the sites were random points on any 
given day. Points were reached by car, and travel time between points required that all 
surveys within a day take place in one region of the city. However, all regions were 
sampled every week of the study. The sequence of surveys along a route varied among 
survey dates so that all points were sampled at multiple times of the morning. 
 For each survey I used a variable circular plot method (Reynolds et al. 1980) to 
conduct a 10 min count of all birds heard or seen within a 50 m circle centered on the 
survey point. Upon arriving at each point, I waited 2 minutes before beginning each 
count. Care was taken to not count the same individual twice, and multiple records of 
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the same species that could not be assigned to different individuals were counted as 
one individual. If a bird was encountered but simply flew over the 50 m circle it was not 
counted. Rain can be sporadic throughout the day in spring and early summer in 
Portland; some surveys were thus unavoidably conducted on days when it rained. 
However, I never made counts when precipitation was above a slight mist, and always 
waited 10 min before initiating a count after a period of rain above a slight mist. In 
contrast, I avoided or delayed sampling some points because of excessive sound 
generated by high traffic, leaf blowers or other heavy equipment that made detection of 
sounds out to 50 m difficult. Some sites in industrial and shipping areas were sampled 
specifically on weekends to minimize disturbance that would limit detections. 
 
Quantification of predictors of avian distribution 
I used publicly available data on tree canopy cover, land cover types, and abundance of 
humans to characterize the landscape surrounding each survey point. ArcGIS 10.2 (ESRI 
2013) and a shape file containing the locations of survey points was used for processing 
all spatial data. The “buffer” tool was used to create 150 m and 500 m radius circular 
buffers around each point to allow examination of the effects of local and larger scale 
landscape features on birds. To assign tree canopy cover values to the buffers a raster 
file developed from LIDAR data by Portland Metro (Metro 2016) was reclassified to 
canopy/no canopy values of 1 and 0, respectively, with the “reclassify” tool. The number 
of pixels of each type (1 or 0) was counted using the “tabulate area 2” tool, this was 
then converted to a percent of the total number of pixels in each circular buffer, yielding 
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percent cover. Using a raster file from the United Sates Environmental Protection 
Agency EnviroAtlas (US EPA 2015), values for landscape cover types, including 
impervious surface, soil or bare ground, tree or forest, grass and herbaceous, woody 
wetlands, and emergent wetlands were assigned to the 150 m and 500 m buffers using 
the “tabulate area 2” tool, and percent landcover of each type was calculated from pixel 
counts. There was no wetland of either type in the study area; these categories were 
therefore not used further. The tree and forest category from the EPA data was highly 
correlated with LIDAR estimates of tree canopy cover (r = 0.967, n = 73, P < 0.001). I 
chose to use the higher resolution LIDAR canopy data in my analyses. Tree or forest and 
grass were summed to create a new variable called Total Green. The human census 
block data file from Portland Metro was clipped to match the study area, converted to 
raster, and using the “zonal statistics as table” function, population values were added 
to the circular buffers. This resulted in a population density raster that I used to 
calculate the number of people living within each 150 m and 500 m radius circle. 
 
Statistical analyses 
I used STATISTIX and JMP for my analyses. Statistics are given as mean ± SE, n, and I 
considered results with P ≤ 0.05, 0.10 ≥ P > 0.05, and P > 0.10 to be significant, 
marginally nonsignificant, and nonsignificant, respectively. I summarized the survey data 
for each point by calculating total bird abundance (number of individuals of all species), 
species richness (number of species per survey), and species diversity (Shannon-Wiener 
Index). These summary statistics for each survey point were calculated with the average 
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values of the pooled survey data of each point. At the level of species, I calculated 
encounter rate as the proportion of the 3 or 4 surveys at each site in which a species 
was detected.   
 Survey points were compared among regions of the city for differences in habitat 
composition, human population density, and avian survey results using analysis of 
variance (ANOVA) for both the 150 m and 500 m diameter circles. I then performed 
separate principal component analyses (PCA) to assess landscape structure for the local 
(150 m) and larger landscape (500 m) circular areas using population density and 
percent of land covered by tree canopy, impervious surface, soil or bare ground, grass or 
herbaceous vegetation, and water. Total green space was not included as it was highly 
correlated with the three variables that were summed to obtain its value. I then used 
best subsets regression analysis to identify probable determinants of variation in total 
avian abundance, species richness, and species diversity by combining, in a hierarchical 
manner, individual landscape variables and the first three eigenvectors from the PCAs 
(see below) of the 150 m (PC1150, PC2150, and PC3150) and 500 m radius circles (PC1500, 
PC2500, and PC3500). Individual variables were included to identify particularly important 
variables, whereas PC axes were included to account for the possibility that avian 
responses to habitat integrated effects of multiple variables simultaneously. I began by 
conducting, at the local level, best subsets regression analyses of the individual 
landscape variables, and then just the three PC axes from that level. I retained the 
competitive models (ΔAICc ≤ 2) from both analyses for later identification of top models. 
Uninformative models (Arnold 2010) were not retained, nor were any models in which 
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variance inflation factors exceeded 9.0. Next, I removed the two most important 
landscape variables contributing to PC1150 from the set of predictor variables, replaced 
them with PC1150, and performed a third analysis that combined individual landscape 
variables with the most important composite landscape descriptor (PC1150). Competitive 
models were retained. I repeated the process for PC2150 and PC3150 (i.e., the two top 
variables contributing to each were removed, replaced by the PC axes, and reanalyzed 
by combining individual landscape variables with PC axes). The entire process was 
repeated at the larger landscape scale. Results showed that all three response variables 
(total abundance, species richness and diversity) varied more strongly with variables 
measured at the local (150 m) scale. Thus, to evaluate the potential influence of factors 
operating at both the local and larger geographic scale, I combined the two variables 
that emerged (for each response variable) as the strongest predictors at the local scale 
with landscape variables from the larger geographic scale (minus the two landscape 
variables at the larger scale that corresponded to the two variables included at the local 
scale) along with PC1500, PC2500 and PC3500. The competitive models that emerged from 
this last set of analyses were combined with the competitive models retained from the 
previous analyses. From the total set of models retained as competitive at each of their 
respective levels I identified the one with the lowest AICc and subtracted that value 
from the AICc of all models. ΔAICc from this last step led to the retention of ≤ 3 models 
for eventual description of the main determinants of landscape variation in total avian 
abundance, species richness and species diversity. 
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 The responses of individual species, measured as encounter rate at each survey 
point (number of surveys encountered/total number of surveys), to the same set of 
predictor variables was examined through correlation analysis. I restricted my analysis 
to species that were encountered at a minimum of 10.0% of points. For this subset I also 
identified the apparent minimum canopy cover required for the presence of a species 
(or absence for non-forest species) in the 150 m buffer surrounding each point. Identical 
analyses were performed for the 500 m buffer landscape, but because results at the two 
scales were qualitatively and quantitatively nearly identical I only report the results for 
the 150 m analysis. 
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Results 
 
Across the city, impervious surfaces covered nearly half the ground surface (47.2 ± 
2.41%; range = 3.2% to 95.1%), followed distantly by tree (25.9 ± 2.04%; range = 0.4% to 
91.2%) and grass/herbaceous cover (25.1 ± 1.44%; range = 1.4% to 58.4%). Water (1.1 ± 
0.69%; range = 0.0% to 37.6%) and bare ground (0.03 ± 0.03%; range = 0.0% to 1.8%) 
accounted for little surface cover. On average, nearly 19 people per hectare lived in the 
150 m radius circles surrounding survey points (18.8 ± 1.72 individuals/hectare; range = 
0 to 64.3). This is approximately 1.2 million people in the 66,017 hectare study area, 
close to the census value. 
 City regions varied considerably in nearly all landscape features (Table 1.1). 
Canopy cover and impervious surfaces varied in approximate inverse fashion, with the 
highest canopy cover and lowest impervious surface cover occurring in the SW, and the 
reverse in NP. Grass/herbaceous cover were very low in NP and highest in SE. 
Population density did not differ significantly among regions; however, in SW, in concert 
with its high canopy cover and large total green space, population density was lowest 
SW (Table 1.1). Even though the smaller and more local area sampled by the 150 m 
radius circle represented only 9% of the area sampled by the 500 m diameter circle, 
results of the landscape analysis conducted using data from the 150 m and 500 m circle 
units yielded nearly identical qualitative and quantitative results (Table 1.1). 
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Principal component analysis of landscape variables 
At the 150 m distance the first three eigenvectors (i.e., principal components [PC1, PC2 
and PC3]) explained 75% of the variation in landscape structure (Table 1.2). PC1 
accounted for nearly a third of the variation and described a gradient of sites that 
contained high impervious surface cover and low cover by both tree canopy and 
herbaceous vegetation cover (negative scores). That changed gradually to sites with the 
opposite combination of low impervious cover and abundant canopy and herbaceous 
cover (positive scores). PC1 thus represented an urbanization gradient with negative 
scores being most urbanized. PC2 and PC3 each accounted for about 21% of the 
variation in landscape structure (Table 1.2). PC2 was a contrast of sites with little water 
or grass/herbaceous vegetation cover but abundant canopy cover (negative scores) with 
sites having abundant water and grass/herbaceous cover but little canopy cover. Water 
cover came primarily from the two rivers that dissect Portland. PC3 was essentially a 
gradient of increasing population density combined with increasing surface cover by 
soil/bare ground (Table 1.2). PC1 and PC2 differed among regions, but PC3 did not 
(Table 1.1). However, because of the small sample size from NW, I compared regions 
with and without NW Portland included. The effect of removing the NW was to increase 
the strength of the statistical differences among sites for canopy cover, impervious 
surface, total green, and PC1 (Table 1.1). In contrast, differences among regions in 
grass/herbaceous and PC2 were no longer significant, while differences along PC3 
tended to increase (Table 1.1). 
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 The PCA of data collected at 500 m differed in several respects from the analysis 
of the smaller area.  Canopy cover and impervious surface remained the primary 
contributors to variation along PC1, but grass/herbaceous vegetation cover was no 
longer a contributor (Table 1.2). PC1 nonetheless still described an urbanization gradient 
with positive scores representing the least urbanized sites; the SE and SW regions 
scored significantly higher on PC1 than NP and NE. PC2 and PC3 changed considerably; 
PC2 now represented a gradient of high water cover and low population density 
(negative scores) to low water cover and high population density (positive scores). PC2 
did not differ among regions (Table 1.1). PC3 described sites with low canopy cover but 
abundant grass/herbaceous vegetation cover (negative scores) to sites having moderate 
tree cover but abundant cover by grasses and/or herbs (Table 1.2). The SW had 
significantly lower scores on PC3 than all other regions except NP and NW. East Portland 
(both NE and SE) had higher scores on PC3 than SW, indicating that east Portland had an 
abundance of grass/herbaceous vegetation cover compared to other regions (Table 1.1). 
 
Avian abundance, richness, and species diversity 
144 surveys at 73 locations were carried out in 2013, and 112 surveys at 73 locations in 
2014. 48 and 55 bird species were detected in 2013 and 2014, respectively; of these, 52 
were native and 3 were exotic. Avian abundance averaged 11.3 ± 0.45 birds/count (N = 
73) and was generally highest in the southern portions of the city (Table 1.3). Richness 
did not differ among regions, and nearly four bird species were detected during an 
average count (3.7 ± 0.13 species, N = 73). The Shannon-Wiener diversity index 
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averaged 2.18 (± 0.046 H’, N = 73), but ranged from a low of 0.95 to a high of 2.81. 
Locations in the SW supported the greatest abundance, richness, and diversity, followed 
by the SE, while the lowest values for these being NW sites. Reanalysis without the 
limited number of NW sites resulted in the loss of statistical significance of the 
difference in abundance among regions, but a slightly stronger statistical difference in 
species diversity (Table 1.3); NE sites were significantly less diverse than sites in the SE 
and SW. 
 Univariate comparisons of total avian abundance, species richness, and species 
diversity in relation to human population density, landscape variables, and the first 
three eigenvectors from the PCAs of the 150 m (PC1150, PC2150, and PC3150) and 500 m 
(PC1500, PC2500, and PC3500) sample areas suggested that response variables tended to 
be more strongly associated with local landscape structure than with the larger 
landscape sampled by the 500 m diameter circle. At least 50% of the predictor variables 
exhibited stronger relationships (at P ≤ 0.10) with the response variables at the local 
rather than at the larger geographic scale (Table 1.4). Moreover, in all cases involving 
total avian abundance and species diversity, correlation coefficients of the same 
predictor with a response variable at the two geographic scales were stronger at the 
local level (Table 1.4). At both geographic scales, the strongest relationship with species 
diversity was a decline with increasing impervious surface cover, followed by an 
increase with total green space (Table 1.4). This seemed to arise mainly from the 
existence of the same relationships with average total abundance, but also to a lesser 
extent, species richness (Table 1.4). Overall, variation in species richness exhibited the 
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weakest relationships with landscape composition and human population density (Table 
1.4). 
 The hierarchical analysis of total avian abundance from the local landscape, 
larger landscape, and combined analyses yielded only a single competitive model (Table 
1.5), and it accounted for 30% of the variation in abundance. Abundance declined with 
increasing impervious surface cover, soil/bare ground and human population density, 
but increased as the total green surface increased and with higher PC1500 (high canopy 
cover and lower impervious cover; i.e., less urbanization). 
Analysis of species richness yielded many models (Table 1.6), perhaps reflecting 
the lack of a single strong correlate of richness with any variable (Table 1.4). In the final 
analysis, however, only two models were competitive and under a quarter of the 
variation in richness was accounted for (Table 1.6). More species tended to be found in 
locations with both elevated levels of grass/herbaceous vegetation and canopy cover, at 
sites with high scores on PC1500 (high canopy cover and low impervious surface cover), 
and low PC3500 (high canopy cover but low grass/herbaceous vegetation cover).  
 Analysis of species diversity yielded an intermediate (11) set of models. All 
models were competitive (ΔAICc ≤ 2) at their respective level, but when referenced 
against what was ultimately the top model, only three models merited interpretation 
(Table 1.7). Species diversity consistently declined as the local landscape was 
increasingly covered by impervious surface and bare ground/soil, and they alone 
accounted for over a third of the variation in species diversity. PCA2500 also appeared in 
all three top models, suggesting a decline in species diversity with increasing human 
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population density and decreasing water cover (i.e. proximity to rivers). There were 
indications that species diversity declined with increasing PC3500 and grass/herbaceous 
cover but rose with increasing canopy cover (Table 1.7). However, confidence intervals 
of only the first three variables excluded zero (Table 1.8), and together they accounted 
for 38.6% of the variation in species diversity. 
 
Encounter rates of individual species 
Twenty-five species met the minimum requirement of being encountered 5 times for 
analysis of encounter rate, and of these, 23 were resident species. The sole Nearctic-
Neotropical migrant was the Black-headed Grosbeak (scientific names are given in Table 
1.9). Encounter rates of four species were unrelated to canopy cover, impervious 
surface, human population density, and the top three eigenvectors from the PCA of 
habitat variables from the 150 m buffer. Encounter rate of 11 of the remaining 21 
species exhibited their strongest relationship with tree canopy cover, and of these, only 
the White-crowned Sparrow and the non-native House Sparrow and European Starling 
exhibited negative associations with increasing canopy cover (Table 1.9). The Black-
capped Chickadee was the only species of the 11 to not exhibit a minimum canopy cover 
requirement of at least 10%. In contrast, Chestnut-backed Chickadees required at least 
30% canopy cover, which was exceeded only by Stellar’s Jay (>40%) and Brown Creeper 
(>50%).   
Human population density was the second most important correlate of 
encounter rate. For the seven of the 21 species with at least one marginally significant 
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correlation with the predictor variables, responses were split nearly equally between 
negative (3) and positive (4) associations (Table 1.9). Two of the four species exhibiting 
positive associations with population density were the two smallest species in my 
analysis (Anna’s Hummingbird and the Bushtit; Tables 1.9 and 1.10) while the two 
others (California Scrub-Jay and House Finch) are known to be positively associated with 
humans (Rodewald 2015). Of the three remaining species exhibiting at least one 
marginally significant relationship with the predictor variables, Song Sparrows were less 
frequently encountered at sites with high impervious ground cover, Bewick’s Wren were 
more often encountered in less urbanized sites (positive score on PC1), and Black-
headed Grosbeaks were more common where the buffer included riparian sites (i.e., 
abundant water) and abundant grass/herbaceous cover. 
  
Discussion 
The abundance and diversity of birds varied significantly across the Portland urban 
landscape, and both declined with increasing urbanization. By contrast, species richness 
did not show nearly as dramatic a response to urbanization.  Analyses of abundance and 
diversity indicated that impervious surface, which represents a complete lack of habitat, 
was the primary driver for the decline of both with urbanization. As this study was 
conducted entirely within an urban matrix, the species that I detected must have some 
level of commensal association with, or tolerance of, humans.  By way of confirmation, 
it should be noted that only one Nearctic-Neotropical migrant was detected sufficiently 
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often to be included in my analyses. Tolerance of impervious surface varied 
considerably even among the remaining mainly resident species; this is presumably the 
cause for the decline in diversity from areas of low to high urbanization.  Areas with 
little impervious surface supported a diverse group of generally non-social species that 
employ multiple foraging strategies (Tables 1.9, 1.10).  For example, the Spotted 
Towhee and Brown Creeper are both strongly associated with trees and appear to avoid 
humans and impervious surfaces (Tables 1.9).  In contrast, more gregarious and invasive 
species are typical of more open areas with large parking lots and lawns (Table 1.9, 
1.10). 
While species diversity responded subtly to many variables, abundance was 
more strongly impacted solely by impervious surface.  Areas with low impervious 
surface have elevated levels of canopy cover (PC1150 and PC1500), and while diversity 
increased in areas of high levels of canopy cover, abundance did not. This was because 
tree cover excludes the same gregarious and invasive species that are drawn to more 
open areas. As a consequence, the number of individuals did not dramatically change, 
but the number of species increased as additional vertical habitat was added with 
increasing tree cover. Surprisingly, there was little response by abundance, richness or 
diversity to human population density, possibly because of the even distribution of 
humans in Portland.  However, population density was the second most frequent 
predictor of the encounter rate of individual species, but with an approximately even 
split between negative and positive associations that may have canceled the effect of 
human population density when bird community metrics were examined. While avian 
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abundance and species diversity responded to urbanization, the absolute number of 
species showed minor change across the study area and responded (negatively) to 
impervious surface. The lack of substantial variation in richness was apparently since 
species replaced one another as they responded to urbanization (Table 1.9).  
 While species richness was weakly impacted by impervious surface and tree 
canopy cover, species diversity showed a much stronger response. Areas with higher 
levels of canopy cover and low impervious surface not only had more species, there 
were more individuals of the species present, and no human commensal species (e.g., 
American Crows, House Sparrows, and European Starlings) that dominate other parts of 
the city (Tables 1.9).  
 The negative response of birds in Portland to urbanization is consistent with the 
body of research on bird distributions in cities (Chace and Walsh 2006, Evans 2009). 
Cities tend to act as filters favoring a few species that can thrive in large numbers, 
completely or partially excluding other species. The response to urbanization by birds in 
Portland, and responses found in other cities show a pattern of lower abundance and 
lower species diversity in areas of high urbanization and increases in avian abundance 
and diversity in moderately urbanized areas (Clergeau et al. 1998, Melles 2003, White et 
al. 2005, Ortega-Álvarez and MacGregor-Fors 2009) that have higher levels of tree 
cover, lower concentration of paved surfaces, and moderate human population levels. 
Cities are not going away; to the contrary, the human population will continue to grow 
and will likely exclude increasingly more species. In this environment we must use what 
evidence we have to manage cities and attempt to buffer mass extinction. Given the 
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overriding importance of tree canopy cover to many of the species found in the Portland 
landscape (Table 1.9), prioritization of tree planting efforts, along with pavement 
reduction and development of mixed housing types to reduce dense urban centers, may 
be the best model for stabilizing wildlife diversity in mesic cities. 
 Previous research in other cities has demonstrated that bird distributions in 
urban environments vary in multiple and complex ways. Some of the observed patterns, 
such as correlations with human demographics, are not useful in determining habitat 
variables important to birds but are important for identifying weaknesses in urban 
habitat management. Multiple studies have shown correlations among birds and human 
demographic factors such as income, race, and education. What increasingly appears to 
be revealed is a lack of attention to wildlife, human living conditions, and ecological 
concerns, in lower income regions of every city in the United States (Melles 2005, 
Landry and Chakraborty 2009).  In my study SW Portland not only had the highest level 
of tree cover (45%), and lowest land area covered by impervious surface (34%), it also 
had the lowest human population density, highest level of education, and lowest human 
ethnic diversity of any of the other four Portland regions. The area is dominated by large 
homes, with large lots, and fewer multifamily buildings than the other regions (Table 
1.1). The complex topography of this area is also relatively unique when compared to 
the rest of city, and the private lands situated with steep back lots with grades which 
protect much of the land from development. This desirable environment leads to high 
housing prices that limit buyers to those with higher incomes than the rest of Portland 
($70,949 per year, Table 1.1) vs. $51,000 for the US as a whole. These residents tend to 
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be more highly educated and predominantly white (90%) than the mean for either 
Portland (74%) or the United States (63%). Livability for humans and habitat suitability 
for animals are linked, and both can be addressed by targeting neighborhoods for 
habitat improvement that have high population densities and ethnic diversity but low 
incomes. This should include adding street trees, bioswales and native shrubs along 
roadways across all regions of the city. Pavement from vacant public lots should be 
removed and replaced with native vegetation and parks. Large private development 
should include requirements for increasing habitat volume with smaller lawn sizes, 
ample shrub planting, bioswales, and a minimum of 20% tree cover. Attention must also 
be given to policies and education to reduce access to the outdoors by cats, as they can 
reduce bird population sizes below sustainable levels (Heezik et al. 2010, Loss et al. 
2013, Bartos-Smith et al. 2016). Cities can be rich and full of avian life, but only with 
careful and competent management. 
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Chapter 1 Figures and Tables 
Figure 1.1 Study area for sampling of birds, and habitat variables from random locations 
(green circles) and yards (blue circles). The orange line circumscribing a pink region 
indicate the study area. Portland, OR is outlined by a thick black line and is bordered by 
Vancouver WA, Gresham OR, Lake Oswego OR, Tigard OR, and Beaverton OR (clockwise 
from the north). The Willamette River divides Portland into east and west halves, while 
Burnside Street separates north from south Portland. A northwest turn in the 
Willamette River separates Northwest Portland (NW) from North Portland (NP). Green 
lines below follow these landmarks and divide the indicated regions NW, NP, Northeast 
Portland (NE), Southeast Portland (SE), and Southwest Portland (SW). 
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Table 1.1. Comparison of the landscape composition and human demographics of 
Portland, OR, regions. Portland is divided into 5 geographic regions, North (NP), 
Northeast (NE) Northwest (NW), Southeast (SE), and Southwest (SW). Regions are 
separated from each other by a large highway and the Willamette River. Numbers in 
parentheses following region name are the number of samples for random points 
used to collect both bird and landscape/population data within each region. 
Comparisons of means of landscape data were made using analysis of variance with 
(F [P]1) and without (F [P]2) the NW region included in the analysis. Results are 
reported for samples collected from both 150 m and 500 m diameter circles centered 
on each sample point. 
 NP (15) NE (22) NW (4) SE (20) SW (12) F (P)1 F (P)2 
Income 
($/yr) 
51,034 55,393 41,848 53,340 70,949 ---- ---- 
White % 70 70 80 80 90 ---- ---- 
College % 19 30 51 34 59 ---- ---- 
% Poverty 15.0 12.4 15.5 10.9 6.8 ---- ---- 
Total area 
(ha) 
3970 10550 1820 9660 5470 ---- ---- 
150 m sample unit 
Canopy 
(%) 
 18.8 
(2.38)  
20.3 
(2.30) 
C 
39.4 
(20.82)  
29.9 
(2.96) 
46.0 
(4.76) 
7.89 
(0.000) 
14.09 
(<0.001) 
Impervious 
(%) 
58.2 
(4.26) 
50.3 
(4.09) 
55.7 
(22.92) 
42.0 
(3.70) 
33.7 
(4.26) 
3.39 
(0.014) 
5.40 
(0.002) 
Soil/bare 
(%) 
0.00 
(0.000) 
0.09 
(0.082) 
0.00 
(0.000) 
0.04 
(0.031) 
0.00 
(0.000) 
0.52 
(0.721) 
0.62 
(0.602) 
Grass/herb 
(%) 
22.2 
(2.96) 
26.7 
(2.39) 
5.8 
(2.96) 
30.0 
(2.54)  
23.9 
(3.56) 
4.23 
(0.004) 
1.52 
(0.217) 
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Water (%) 2.32 
(2.267) 
1.83 
(1.703) 
0.00 
(0.005) 
0.02 
(0.016) 
0.12 
(0.120) 
0.52 
(0.722) 
0.62 
(0.605) 
Total 
green (%) 
39.4 
(4.72) 
47.7 
(3.57) 
44.3 
(22.92) 
57.9 
(3.69) 
66.2 
(4.21) 
4.27 
(0.004) 
7.07 
(<0.001) 
Density 
(#/ha) 
19.0 
(4.26) 
18.1 
(3.42) 
19.9 
(15.17) 
21.3 
(2.46) 
15.4 
(2.80) 
0.31 
(0.870) 
0.47 
(0.702) 
PC1 0.774 
(0.335) 
0.272 
(0.256) 
0.630 
(1.437) 
-0.443 
(0.253) 
-0.940 
(0.258) 
4.07 
(0.005) 
6.24 
(0.001) 
PC2 0.198 
(0.291) 
0.399 
(0.319) 
-1.250 
(0.364) 
0.011 
(0.135) 
-0.580 
(0.227) 
3.06 
(0.022) 
0.58 
(0.631) 
PC3 -0.003 
(0.273) 
0.210 
(0.281) 
-0.547 
(0.988) 
0.233 
(0.163) 
-0.587 
(0.249) 
1.53 
(0.203) 
1.89 
(0.141) 
500 m sample unit  
Canopy 
(%) 
18.0 
(1.88) 
20.5 
(1.58) 
40.7 
(20.9) 
29.7 
(3.20) 
44.9 
(4.00) 
8.91 
(0.001) 
16.91 
(0.001) 
Impervious 
(%) 
55.4 
(3.24) 
48.6 
(2.61) 
49.1 
(19.53) 
40.3 
(3.43) 
34.3 
(2.71) 
4.18 
(0.004) 
7.47 
(0.001) 
Soil/bare 
(%) 
0.1 
(0.023) 
0.5 
(0.304) 
0.0 
(0.000) 
0.2 
(0.134) 
0.0 
(0.025) 
0.78 
(0.544) 
0.91 
(0.443) 
Grass/herb 
(%) 
21.6 
(2.18) 
26.0 
(1.62) 
7.1  
(3.65) 
30.4 
(3.03) 
21.5 
(1.77) 
5.96 
(0.001) 
3.22 
(0.028) 
Water (%) 6.8 
(14.05)  
3.5 
(10.12) 
4.3  
(8.50) 
1.4 
(5.37) 
1.49  
(4.7) 
0.85 
(0.496) 
1.12 
(0.349) 
Total 
green (%) 
37.8 
(13.13) 
47.4 
(9.66) 
46.7 
(43.35) 
58.1 
(15.41) 
64.2 
(11.05) 
6.51 
(0.0002) 
12.68 
(<0.001) 
Density 
(#/ha) 
18.0 
(3.64) 
17.9 
(2.99) 
27.2 
(14.07) 
18.4 
(1.99) 
16.1 
(2.29) 
0.56 
(0.691) 
0.09 
(0.963) 
PC1 0.799 
(0.170) 
0.447 
(0.183) 
0.039 
(1.791) 
-0.404 
(0.278) 
-1.159 
(0.243) 
5.83 
(0.001) 
12.30 
(0.001) 
PC2 -0.271 
(0.418) 
-0.164 
(0.307) 
0.604 
(0.784) 
0.141 
(0.158) 
0.204 
(0.170) 
0.68 
(0.607) 
0.58 
(0.631) 
PC3 -0.065 
(0.173) 
0.244 
(0.169) 
-1.720 
(0.517) 
0.474 
(0.292) 
-0.582 
(0.211) 
6.07 
(0.000) 
3.47 
(0.021) 
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Table 1.2. Results of the principal components analysis of habitat cover and human 
population density in 150 m (above) and 500 m (below) diameter circles 
surrounding each of 73 randomly chosen avian survey points in Portland, Oregon. 
Cell entries are factor loadings for eigenvectors, along with eigenvalues and 
proportion of the variance explained by each eigenvector, and the cumulative total 
variation explained. 
 
Eigenvectors (150) 
Variables PC1 PC2 PC3 
Canopy cover  0.539 -0.470 -0.266 
Population density 0.112 -0.161 0.679 
Impervious Surface -0.703 -0.087 0.149 
Soil or Bare 0.071 0.211 0.486 
Grass/herbaceous 0.444 0.469 0.294 
Water -0.020 0.694 -0.350 
Eigenvalue 1.924 1.311 1.243 
Variation (%) 32.1 21.8 20.7 
Cumulative variation (%) 32.1 53.9 74.6 
 
Eigenvectors (500) 
 PC1 PC2 PC3 
Canopy cover  0.619 0.232 -0.418 
Population density -0.197 0.626 0.059 
Impervious Surface -0.695 0.164 -0.113 
Soil or Bare -0.248 -0.238 -0.122 
Grass/herbaceous 0.179 0.026 0.890 
Water -0.043 -0.686 -0.039 
Eigenvalue 1.814 1.457 1.148 
Variation (%) 30.2 24.3 19.1 
Cumulative variation (%) 30.2 54.5 73.7 
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Table 1.3. Comparison of the avian community characteristics, including total avian 
abundance (number of birds per survey), species richness (number of species), and 
species diversity (Shannon-Weiner Index), for the different regions of Portland, 
Oregon. Numbers in parentheses following region name are sample sizes for random 
points used to collect both bird and landscape/population data. Comparisons of 
means made using analysis of variance with (F [P] 1) and without (F [P] 2) the 
Northwest region included in the analysis.  
 NP (15) NE (22) NW (4) SE (20) SW (12) F (P)1 F (P)2 
Abundanc
e 
10.8 
(0.96) 
10.8 
(0.87) 
6.1 
(2.13) 
11.9 
(0.5) 
13.8 
(0.99) 
4.07 
(0.005) 
2.35 
(0.081) 
Richness 3.8 
(0.33)  
3.7 
(0.27)  
2.8 
(0.76)  
3.8 
(0.24)  
3.9 
(0.20)  
0.80 
(0.529) 
0.07 
(0.974) 
Diversity 2.14 
(0.078) 
2.02 
(0.094)  
1.96 
(0.363) 
2.28 
(0.077) 
2.40 
(0.046)  
2.74 
(0.036) 
3.63 
(0.017) 
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Table 1.4. Correlation coefficients (r) and alpha (P, in parentheses) describing the 
relationships between avian abundance, species richness, and species diversity in 
Portland, OR in relation to landscape variables, human population density, and 
composite measures of landscape composition derived from principal component 
analyses of landscape variables. Results are reported only if alpha of correlation 
coefficients were ≤ 0.10. 
Average abundance; r (P) 
150 m circle 500 m circle 
Canopy cover 0.274 (0.019) Canopy cover 0.196 (0.097) 
Grass/herbaceous 0.205 (0.082) Impervious surface -0.205 (0.082) 
Impervious surface -0.362 (0.002) Soil/bare ground 0.206 (0.080) 
Soil/bare ground -0.249 (0.034) Total green 0.264 (0.024) 
Total Green 0.350 (0.002)  
PC1150 0.340 (0.003) 
PC3150 -0.196 (0.096) 
Species richness; r (P) 
150 m circle 500 m circle 
Grass/Herbaceous 0.207 (0.079) Impervious surface -0.228 (0.053) 
Impervious surface -0.290 (0.013) Population density -0.291 (0.012) 
Population density -0.194 (0.099) Soil/bare ground 0.198 (0.093) 
Total green 0.228 (0.052) PC2500 -0.306 (0.008) 
Water 0.219 (0.063)  
PC1150 0.231 (0.049) 
PC2150 0.216 (0.067) 
PC3150 -0.219 (0.063) 
Species diversity; r (P) 
150 m circle 500 m circle 
Canopy cover 0.398 (0.005) Canopy cover 0.384 (0.001) 
Impervious surface -0.497 (<0.001) Impervious surface -
0.434(<0.001) 
Soil/bare ground -0.310 (0.008) Total green -0.414 
(<0.001) 
Total green 0.451 (<0.001) PC1500 0.351 (0.002) 
PC1150 0.440 (<0.001)  
PC3150 -0.335 (0.004) 
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Table 1.5. Results of hierarchical analysis of species abundance of birds across the urban landscape 
in Portland, OR, in relation to a set of variables describing landscape composition and principal 
component axes that represent linear combinations of the landscape variables to serve as synthetic 
descriptors of landscape structure (see Table 1.2). Analyses began at the local landscape level (150 
m), progressed upward to a larger landscape scale (500 m), and then final analyses included 
simultaneous analysis of local and larger landscapes. Subscripts refer to local and larger landscape 
scales. Models are listed from strongest to weakest based on AICc. Unadjusted explained variation 
(R2) of each model is also given. The + or – symbol in parentheses following each variable indicates 
whether the coefficient exhibited a positive or negative relationship, respectively, with species 
diversity. 
Model Variables ΔAICc R2 
1 
Impervious surface150 (-), population density500 (-), soil/bare 
ground150 (-), total green500 (+), PCA1500 (+) 
0.000 0.297 
2 Impervious surface150 (-), soil/bare ground150 (-) 2.280 0.200 
3 PCA1150 (+), soil/bare ground150 (-) 2.639 0.197 
4 Impervious surface150 (-) 6.132 0.131 
5 PCA1150 (+), PCA3150 (1) 6.372 0.154 
6 Total green150 (+), PCA3150 (-) 6.469 0.153 
7 Total green500 (+), soil/bare ground500 (+) 7.670 0.139 
8 PCA1500 (-) 13.851 0.034 
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Table 1.6. Results of hierarchical analysis of species richness of birds across the 
urban landscape in Portland, OR, in relation to a set of variables describing 
landscape composition and principal component axes that represent linear 
combinations of the landscape variables to serve as synthetic descriptors of 
landscape structure (see Table 1.2). Analyses began at the local landscape level 
(150 m), progressed upward to a larger landscape scale (500 m), and then final 
analyses included simultaneous analysis of local and larger landscapes. Subscripts 
refer to local and larger landscape scales. Models are listed from strongest to 
weakest based on AICc. Unadjusted explained variation (R2) of each model is also 
given. The + or – symbol in parentheses following each variable indicates whether 
the coefficient exhibited a positive or negative relationship, respectively, with 
species diversity. 
Model Variables ΔAICc R2 
1 Grass/herb150 (+), canopy cover500 (+), PCA1500 (+), PCA2500 
(-) 
0.000 0.230 
2 Grass/herb150 (+), canopy cover500 (+), impervious 
surface500 (+), PCA2500 (-) 
0.220 0.228 
3 PCA2500 (-), total green150 (+) 3.450 0.139 
4 Grass/herb150 (+), PCA3150 (-) 3.838 0.135 
5 Canopy cover150 (-), impervious surface150 (-), PCA3150 (-) 3.998 0.160 
6 PCA2500 (-), canopy cover500 (+) 4.349 0.129 
7 Impervious surface150 (-), canopy cover150 (-), population 
density150 (-) 
4.432 0.155 
8 Impervious surface150 (-), population density150 (-) 4.588 0.126 
9 PCA2500 (-), impervious surface500 (-) 4.811 0.123 
10 Impervious surface500 (-), population density500 (-), 
soil/bare ground500 (+) 
4.912 0.149 
11 PCA3500 (-) 4.955 0.094 
12 PCA1150 (+), PCA2150 (+), PCA3150 (-) 5.032 0.148 
13 Impervious surface150 (-), PCA2150 (+) 5.106 0.120 
14 Population density150 (-), water150 (+), total green150 (+) 5.301 0.145 
15 PCA3150 (-), impervious surface150 (-) 5.547 0.114 
16 Total green150 (+), PCA2150 (+) 5.612 0.113 
17 Population density500 (-) 5.682 0.085 
18 PCA1150 (+), population density150 (-), Water150 (+) 5.714 0.140 
19 Impervious surface150 (-) 5.721 0.084 
20 Population density500 (-), soil/bare ground500 (+) 5.775 0.111 
21 PCA1150 (+), population density150 (-) 6.049 0.108 
22 PCA1150 (+), PCA3150 (-) 6.597 0.101 
23 PCA1150 (+), PCA2150 (+) 6.706 0.100 
24 PCA1500 (+), soil/bare ground150 (+) 6.874 0.098 
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Table 1.7. Results of hierarchical analysis of species diversity of birds across the 
urban landscape in Portland, OR, in relation to a set of variables describing 
landscape composition and principal component axes that represent linear 
combinations of the landscape variables to serve as synthetic descriptors of 
landscape structure (see Table 1.2). Analyses began at the local landscape level 
(150 m), progressed upward to a larger landscape scale (500 m), and then final 
analyses included simultaneous analysis of local and larger landscapes. Subscripts 
refer to local and larger landscape scales. Models are listed from strongest to 
weakest based on AICc. Unadjusted explained variation (R2) of each model is also 
given. The + or – symbol in parentheses following each variable indicates whether 
the coefficient exhibited a positive or negative relationship, respectively, with 
species diversity. 
Model Variables ΔAICc R2 
1 
Impervious surface150 (-), soil/bare grd150 (-), PCA2500 (-), 
PCA3500 (-) 
0.000 0.416 
2 
Impervious surface150 (-), soil/bare grd150 (-), PCA2500 (-), 
Grass/herb500 (-) 
0.644 0.411 
3 
Impervious surface150 (-), soil/bare grd150 (-), PCA2500 (-), 
Canopy cover500 (+) 
1.830 0.401 
4 
Impervious surface150 (-), soil/bare grd150 (-)  
 
2.441 0.356 
5 
Soil/bare ground150 (-), Water150 (+), PC1150 (+)  
 
5.340 0.351 
6 
Impervious surface150 (-), PCA3150 (-) 
 
7.229 0.312 
7 
PCA1150 (+), PCA3150 (-)  
 
7.902 0.306 
8 
Impervious surface500 (-), PC3500 (-) 
 
16.483 0.220 
9 
Grass/herb500 (-), Impervious surface500 (-) 
 
16.838 0.216 
10 
Impervious surface500 (-) 
 
17.142 0.188 
11 
Soil/bare ground500 (+), PC1500 (+) 
 
18.389 0.199 
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Table 1.8. Model averaged parameter estimates (b) describing the relationship 
between each variable and species diversity of birds among survey points from the 
urban landscape of Portland, OR. Confidence intervals (85%; Arnold 2010), 
importance weight of variables (wi), and likelihood of each variable in relation to the 
top variable (L) are provided. 
Variables b (SE) CI wi L 
Impervious surface150 -0.010 (0.0022) -0.014 to -0.007 1.000 ------- 
Soil/bare150 -0.546 (0.1646) -0.787 to -0.305 1.000 1.000 
PC2500 -0.059 (0.0308) -0.104 to -0.040 1.000 1.000 
PC3500 -0.031 (0.0230) -0.064 to 0.003 0.471 2.123 
Grass/herbaceous500 -0.002 (0.0018) -0.005 to 0.001 0.341 2.933 
Canopy cover500 0.001 (0.001) -0.0004 to 0.0019 0.188 5.319 
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Table 1.9. Response of individual bird species encounter rate (# of surveys encountered/total # of 
surveys) to habitat variables in Portland OR. Tree canopy cover (Canopy), impervious surface 
(Impervious), human population density (Population) and the first 3 eigenvectors of a principle 
components analysis PC1, PC2, and PC3 (see text). Cells contain correlation coefficients (r) and alpha 
(P, in parentheses). Species are sorted by their response to tree canopy cover. Cells colored green are 
positive responses, and those colored blue are negative. White cells represent none or a weak 
association with a given variable. For many species there was a minimum or maximum level of 
canopy cover requirement (CR) associated with their presence or absence. This is given as the cut off 
and direction of the association (< or >), which were identical for 150 m and 500 m samples, hence 
only 150 m is shown. Species are sorted by their response (high to low) for the variable for which the 
greatest number responded: (Tree) Canopy. 
Species  
Common 
Name 
Binomial 
CR 
(%) 
Canopy 
Impervi
ous 
Populat
ion 
PC 1 PC 2 PC 3 
Steller's Jay 
Cyanocitta 
stelleri 
> 40 
0.688 
(<.001) 
-0.423 
(0.002) 
-0.274 
(0.019) 
0.394 
(0.001) 
-0.383 
(0.001) 
-0.464 
(<.001) 
Dark-eyed 
Junco 
Junco 
hyemalis 
oreganus 
> 20 
0.667 
(<.001) 
-0.560 
(<.001) 
-0.215 
(0.067) 
0.539 
(<.001) 
-0.261 
(0.026) 
-0.354 
(0.002) 
Spotted 
Towhee 
Pipilo 
maculatus 
> 20 
0.583 
(<.001) 
-0.450 
(<.001) 
-0.222 
(0.059) 
0.440 
(<.001) 
-0.236 
(0.045) 
-0.356 
(0.002) 
Red-
breasted 
Nuthatch 
Sitta 
canadensis 
> 20 
0.464 
(<.001) 
-0.327 
(0.005) 
0.152 
(0.200) 
0.337 
(0.004) 
-0.296 
(0.011) 
-0.060 
(0.616) 
American 
Robin 
Turdus 
migratorius 
> 20 
0.443 
(<.001) 
-0.426 
(0.002) 
-0.157 
(0.185) 
0.401 
(<.001) 
-0.195 
(0.098) 
-0.250 
(0.033) 
Black-
capped 
Chickadee 
Poecile 
atricapillus 
None 
0.386 
(0.01) 
-0.275 
(0.018) 
0.080 
(0.504) 
0.307 
(0.008) 
-0.324 
(0.005) 
-0.073 
(0.541) 
Northern 
Flicker 
Colaptes 
auratus 
> 20 
0.364 
(0.002) 
-0.259 
(0.027) 
-0.130 
(0.272) 
0.263 
(0.025) 
-0.202 
(0.087) 
-0.183 
(0.121) 
Brown 
Creeper 
Certhia 
americana 
> 50 
0.344 
(0.003) 
-0.224 
(0.057) 
0.002 
(0.990) 
0.221 
(0.061) 
-0.197 
(0.094) 
-0.144 
(0.223) 
Anna's 
Humming- 
bird 
Calypte anna > 10 
0.267 
(0.023) 
-0.315 
(0.007) 
0.369 
(0.001) 
0.363 
(0.002) 
-0.178 
(0.132) 
0.212 
(0.072) 
Song 
Sparrow 
Melospiza 
melodia 
> 10 
0.251 
(0.032) 
-0.275 
(0.019) 
-0.120 
(0.313) 
0.235 
(0.046) 
-0.048 
(0.688) 
-0.216 
(0.067) 
Bewick's 
Wren 
Thryomanes 
bewickii 
None 
0.189 
(0.110) 
-0.190 
(0.108) 
-0.077 
(0.518) 
0.210 
(0.074) 
-0.063 
(0.598) 
-0.064 
(0.589) 
Bushtit 
Psaltriparus 
minimus 
> 20 
0.121 
(0.310) 
-0.182 
(0.123) 
0.347 
(0.003) 
0.233 
(0.047) 
-0.094 
(0.429) 
0.222 
(0.059) 
Black-
headed 
Grosbeak 
Pheucticus 
melanocephal
us 
None 
0.024 
(0.841) 
-0.203 
(0.085) 
-0.251 
(0.033) 
0.112 
(0.345) 
0.334 
(0.004) 
-0.322 
(0.005) 
Western 
Scrub-Jay 
Aphelocoma 
californica 
< 60 
0.013 
(0.915) 
-0.241 
(0.040) 
0.378 
(0.001) 
0.281 
(0.016) 
0.101 
(0.394) 
0.230 
(0.051) 
American 
Goldfinch 
Spinus tristis < 50 
0.006 
(0.996) 
-0.041 
(0.728) 
-0.263 
(0.024) 
0.004 
(0.975) 
0.084 
(0.478) 
-0.219 
(0.063) 
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Lesser 
Goldfinch 
Spinus psaltria None 
-0.058 
(0.628) 
-0.061 
(0.608) 
0.041 
(0.731) 
0.090 
(0.449) 
0.063 
(0.594) 
0.118 
(0.320) 
House 
Finch 
Haemorhous 
mexicanus 
< 20 
-0.069 
(0.560) 
0.019 
(0.870) 
0.201 
(0.089) 
-0.026 
(0.830) 
0.056 
(0.641) 
0.058 
(0.625) 
Cedar 
Waxwing 
Bombycilla 
cedrorum 
< 40 
-0.073 
(0.537) 
-0.063 
(0.595) 
-0.041 
(0.731) 
0.069 
(0.560) 
0.107 
(0.369) 
0.067 
(0.573) 
Rock 
Pigeon 
Columba livia < 40 
-0.110 
(0.355) 
0.074 
(0.536) 
0.074 
(0.534) 
-0.066 
(0.577) 
-0.001 
(0.992) 
0.085 
(0.476) 
American 
Crow 
Corvus 
brachyrhyn-
chos 
None 
-0.142 
(0.231) 
0.112 
(0.347) 
0.194 
(0.101) 
-0.123 
(0.302) 
-0.014 
(0.908) 
0.100 
(0.401) 
Mourning 
Dove 
Zenaida 
macroura 
< 40 
-0.163 
(0.169) 
0.069 
(0.564) 
-0.206 
(0.081) 
-0.078 
(0.514) 
0.191 
(0.105) 
-0.098 
(0.412) 
White-
crowned 
Sparrow 
Zonotrichia 
leucophrys 
< 30 
-0.247 
(0.035) 
0.186 
(0.115) 
-0.341 
(0.003) 
-0.253 
(0.031) 
0.172 
(0.145) 
-0.197 
(0.096) 
House 
Sparrow 
Passer 
domesticus 
< 50 
-0.306 
(0.009) 
0.166 
(0.160) 
0.268 
(0.022) 
-0.146 
(0.218) 
0.119 
(0.317) 
0.241 
(0.040) 
European 
Starling 
Sturnus 
vulgaris 
< 60 
-0.318 
(0.006) 
0.177 
(0.134) 
0.018 
(0.882) 
-0.189 
(0.109) 
0.269 
(0.021) 
0.009 
(0.943) 
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Table 1.10. Bird species life history data gleaned from “Birds of North America” (Rodewald 2015). 
Preferred habitat (Habitat), primary food source (Food), most common nesting location (Nesting), 
most common type of foraging (Foraging), and their location in reference to Portland in Winter as 
either a permanent resident or a migrant which leaves the region. Also presented is the average mass 
for an adult of each species. Winter migratory status is indicated with “Res” for resident, “Mig” for 
migrant, and invasive (non-migratory) species are indicated with “Inv”. 
Life History Traits 
Common Name Habitat Food Nesting Foraging Winter Mass 
Steller's Jay Forest Omnivore Tree Ground Res 120 
Dark-eyed Junco Forest Seeds Ground Ground Res 24 
Spotted Towhee Scrub Omnivore Ground Ground Res 41 
Chestnut-backed 
Chickadee Forest Insects Cavity Foliage Res 9.5 
Red-breasted Nuthatch Forest Insects Cavity Bark Res 10.5 
American Robin Open Wood Insects Tree Ground Res 81 
Black-capped Chickadee Forest Insects Cavity Foliage Res 11.5 
Northern Flicker Open Wood Insects Cavity Ground Res 135 
Brown Creeper Forest Insects Tree Bark Res 7.5 
Anna's Hummingbird Open Wood Nectar Tree Hovering Res 4.5 
Song Sparrow Open Wood Insects Shrub Ground Res 32.5 
Bewick's Wren Open Wood Insects Cavity Foliage Res 10 
Bushtit Scrub Insects Tree Foliage Res 5 
Black-headed Grosbeak Forest Insects Tree Foliage Mig 42 
Western Scrub-Jay Scrub Omnivore Tree Ground Res 85 
American Goldfinch Open Wood Seeds Shrub Foliage Res 15.5 
Lesser Goldfinch Open Wood Seeds Tree Foliage Res 15 
House Finch Town Seeds Tree/Build Ground Res 21.5 
Cedar Waxwing Open Wood Fruit Tree Foliage Res 32 
Rock Pigeon Town Seeds Building Ground Res 322.5 
American Crow Open Wood Omnivore Tree Ground Res 468 
Mourning Dove Open Wood Seeds Tree Ground Res 121 
White-crowned Sparrow Scrub Insects Ground Ground Mig 26.5 
House Sparrow Town Seeds Cavit/Build Ground Inv 28 
European Starling Town Insects Cavity Ground Inv 78 
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Chapter 2 
 
The efficacy of Portland Audubon’s Backyard Certification Program at 
creating natural habitat. 
Andrew Gibbs 
 
Abstract 
The Audubon Society of Portland’s Backyard Habitat Certification Program (BHCP) in 
Portland, Oregon seeks to enhance the urban environment for native organisms by 
providing individual property owners guidelines to convert yard spaces into habitat 
suited for native wildlife, and to certify yards as wildlife habitat. Mechanisms for 
achieving these goals include replacement of non-native and/or invasive plants and 
lawns with structurally complex native plant communities. Habitat is rated by trained 
observers who rate level of compliance as Silver (SV; lowest), Gold (GD), or Platinum 
(PT; highest). No quantitative assessment of the ecological impacts of this program has 
been conducted. Here I (a) determine if SV, GD, and PT yards are distinct from each 
other, (b) if the vegetation variation among the three types have ecological meaning, (c) 
the overall regional variation in landscaping patterns in Portland, (d) if restored yards of 
match the urban matrix, and lastly (e) if the pattern of vegetation in BHCP yards reflect a 
forest succession pattern reminiscent of pre-settlement landscapes. To address these 
questions, I sampled 1-3% of the vegetation in 147 certified and traditional yards. Using 
1 m2 quadrants, I measured 46 vegetation variables within the plantable area of each at 
57 
 
heights of 0.0 m, 0.5 m, 1.0 m, and 1.5 m and aboveground. These were reduced to 18 
final measures. Landscape matrix variables were derived from LIDAR, and aerial 
photograph data. Analyses showed that SV, GD, and PT yards were distinct, but that 
overlap among SV and GD and GD and PT existed, indicating a continuum in major yard 
variables of lawn and native vegetation. Increasing certification level correlated with 
higher levels of native plants, but reduced exotics and lawn area. Distinct planting 
patterns exist, producing yards that were dominated by herb, shrub, tree, or lawn. 
Collectively landscaping patterns of BHCP yards did not match the surrounding city, but 
instead followed a pattern of early seral stage forest succession. The BHCP is successful 
at distinguishing yards of increasing vegetation structure along a continuum. It is also 
successful at self-replicating via outreach and required volunteerism. The program may 
reduce the levels of lawn and invasive plants but may also exclude yards due to the 
presence of invasive plants, which may actually be adequate habitat. 
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Introduction 
The dramatic growth of the world’s human population over the last half century (United 
Nations 2017) has concentrated our populations in large urban centers, and for the first 
time in human history most people live in cities (Grimm et al. 2008). This is especially 
true in developed nations where the proportion of populations living in urban centers 
often exceeds 75-80% (e.g., 81% in the United States [U.S. Census Bureau 2010]). The 
consequences of the ongoing growth of urban areas for native habitats, wildlife, and 
humans themselves are not altogether clear, but it is widely recognized that 
urbanization is a major contributor to accelerating extinction rates (Sodhi et al. 2010, 
Biamonte et al. 2011, Duncan et al. 2011, Fattorini 2011, Aronson et al. 2014, Pievani 
2014). This is in part because cities tended to be established in biotically rich locations 
(e.g., near the confluence of rivers or large navigable bays), but also because cities have 
a large footprint that greatly modifies the environment by eliminating and degrading 
habitats (Marzluff 2001, Foley et al. 2005, Wheeler et al 2005 Violin et al. 2011), 
changing local climate through heat island effects (Kalnay and Cai 2003, Dixon and Mote 
2003), and altering biotic relationships among the region’s native and introduced 
species. 
But is severe loss of biotic diversity inevitable with increasing urbanization? 
Many species, including apex predators (Crooks and Soule 1999) and species with strict 
habitat and area requirements (Crooks et al. 2004), will not persist in urban areas, but 
other native species can tolerate and sometimes even thrive in human dominated 
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habitats if at least semi-natural habitat is available (Crooks et al. 2004, Fischer et al. 
2012). Avian communities in cities are undeniably shifted towards generalist species 
that tend to be commensal with humans (Pidgeon et al. 2014, Chace and Walsh 2006). 
However, with conservation efforts such as growth of greenspaces, increases in tree 
canopy cover in residential neighborhoods (Chapter 1), and enhanced connectivity of 
existing greenspaces, it may be possible to create conditions conducive to the 
persistence of a wide variety of native wildlife. Furthermore, considerable research has 
shown that the creation of lush urban environments can have positive impacts on 
humans as “livability” (Pataki et al. 2011, Pope et al. 2009) and property values 
(Tyrväinen and Miettinen 2000, Kaufman and Cloutier 2006, Kong et al. 2007.Conway et 
al. 2010) grow with these same efforts. 
Attempts to promote healthy wildlife populations can be addressed from several 
scales. At the landscape level, cover of land by impervious surfaces such as roads, 
parking lots and city centers is probably the greatest obstacle to abundant and diverse 
wildlife populations (Minor and Urban 2008, Trollope et al. 2009) and thus should be 
minimized. At a lower spatial scale, growing evidence suggests that well treed 
neighborhoods support more wildlife (Melles et al. 2003, White et al. 2005, Gibbs 2018). 
Moreover, studies of neighborhoods in Phoenix, Arizona, showed that neighborhoods 
planted with mainly native vegetation supported more native birds (Lerman and Warren 
2011). At the lowest logical spatial scale, is the individual home and yard. Most land in 
urban areas is privately owned and covered, typically, by a house or a multiunit dwelling 
60 
 
and associated landscaping. What is the potential for small private land owners to 
create habitats that would have measurable positive influences on local biotic diversity? 
The typical landowner’s yard is maintained as mowed grass, and it is estimated 
by NASA that 128,000 km2 of land in the United States is covered by lawns (Lindsay 
2005). While some species may perceive lawn as suitable habitat (Marzluff 2001), lawns 
are for the most part biotic deserts (Burghardt et al. 2009, Bertoncini et al. 2012, but see 
Thompson et al. 2004). Lawn maintenance requires substantial irrigation (Haley et al. 
2007), use of fertilizers and herbicides (Sewell et al. 2010), and consumption of fossil 
fuels because of the need to regularly cut grasses and through the industrial production 
of lawn maintenance products. Declines of insect pollinator (Burghardt et al. 2009) and 
bird populations (Thomas et al. 2004) have prompted some to ask whether conversion 
of “backyards” into native vegetation might create wildlife habitat to help reverse 
declining population trends of native animal species. Given that home range size is 
directly related to body size (Peters 1986), it may be possible for naturalized backyards 
to serve as habitable space, or corridors for smaller species of wildlife (Rudd et al. 2002, 
Goddard et al. 2010, Smith et al. 2015). For birds, high species richness is associated 
with high vertical vegetation density and structure (MacArthur 1961, Mills et al. 1991) 
and native vegetation (Proença et al. 2010) and therefore conversion of traditional lawn 
centric yards to more natural habitat may be the key to enhancing wildlife diversity, at 
least for smaller species, in urban environments (Belaire et al. 2014). Through collective 
effort of numerous landowners, the potential also exists to mitigate effects of 
urbanization on climate by naturalizing residential yards (Mason and Montalto 2015). 
61 
 
Programs to promote yards as wildlife habitats have begun to emerge (Beumer 
and Martens 2015, NWF 2017). Some cities and states have official yard habitat 
certification programs, while elsewhere non-profit groups shoulder this responsibility. In 
most cities in the United States the National Wildlife Federation (NWF) “Garden for 
Wildlife,” (NWF 2017) program is used as the basis for yard habitat certification. 
However, even though long-term maintenance of yards as wildlife habitat is crucial, the 
NWF program has no follow-up or verification of compliance for yards that they have 
certified. This is in stark contrast to the citizen founded yard certification program of 
Portland, Oregon. There strict guidelines for habitat restoration in yards have been 
established and they are enforced with site visits. Guidelines include detailed yard 
habitat features to support multiple animal groups and reduction of pesticide use and 
storm water runoff. The Portland program, with over 3,000 yards that have been or are 
in the process of being certified, has become the model now used by several cities for 
wildlife habitat certification. 
 The rigor of previous attempts to quantify yard vegetation as it relates to wildlife 
is variable, but generally weak. For example, Troy et al. (2007) and Boone et al. (2010) 
estimated yard vegetation from the street without entering the yard itself. Other studies 
have used poorly described methods that are not repeatable (Chamberlain et al. 2004). 
Other investigators have relied on self-reported data by homeowners to assess habitat 
(Belaire et al. 2014). By contrast, studies from New Zealand (Daniels and Kirkpatrick 
2006, Kirkpatrick et al. 2007) coupled detailed quantitative studies of yard vegetation 
with bird surveys. Audubon Society of Portland (ASP) has developed a rigorous, onsite 
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procedure for evaluating and certifying yards as silver, gold, and platinum to reflect low, 
medium and high conformance to program expectations. In this study, I report results of 
my independent quantitative analysis of yards in the ASP program using an independent 
set of criteria to quantify habitat structure and assess variation among the certification 
levels. My goals were to (a) test whether the ASP certification is repeatable using 
independently collected data, clear methods, and (b) to assess whether variation in yard 
vegetation and physical structure fall into discrete categories or vary on a continuum of 
ecological complexity. I also include noncertified yards in my analyses to assess how 
distinctive sites in the program are from yards in the same neighborhoods that are not 
enrolled in the ASP’s program.  
  
History and Background 
In 2006 homeowners in the Hillsdale neighborhood of Portland, OR, endeavored to 
reduce the spread of invasive plant species onto their properties, and to encourage 
neighbors to do the same (West 2013). Portland, prior to westward expansion in the 
19th century, was heavily forested, primarily with upland forest and included several 
other forest types (Appendix B Figure 2; Christy et al. 2011). Hillsdale is adjacent to 
several of the remaining large natural areas that are dominated by Douglas fir 
(Pseudotsuga menziesii), sword fern (Polystichum munitum), Oregon grape (Berberis 
spp.), Trillium albidum and associated forest plant species. The natural areas and yards 
in this region are degraded by smothering English Ivy (Hedera spp.), Himalayan 
blackberry (Rubus spp.) and other species of aggressive invasive plants. The 
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homeowners formed a nonprofit group originally called the Three Rivers Land Trust 
(TRLT), and later the Columbia Land Trust (CLT). They began a pilot program of certifying 
yards as free of invasive species of plants, as well as meeting other habitat criteria, such 
as having 10% native plants and structurally complex vegetation. The ASP inherited the 
program’s certification efforts for the smaller yards that dominate most of the Portland 
region, while the CLT certifies larger yards mainly in periurban areas. The program 
initially targeted a small region but has grown to over 3,500 yards spread across the city, 
with the goal of adding 600 yards annually. Total land area in the program is ~364 ha 
(yards only) with an average yard being 0.104 ha in area (West 2016). 
 The Backyard Habitat Certification Program’s (BHCP) certification criteria 
(Appendix B Table 1) are detailed and tiered. The three levels of certification, Silver (SV), 
Gold (GD), and Platinum (PT), differ in six areas meant to improve habitat. Each 
successive certification level includes more stringent requirements. Certification 
requires at least one site visit to ensure compliance. The program supports participants 
with access to reduced prices for purchasing native plants, names of landscaping 
companies that are familiar with native plant restoration, and online help with plant 
identification via Facebook. Once certification has been achieved the participants 
receive a regionally iconic metal sign (Audubon 2016). 
 Program requirements for vegetation have minimum criteria for percentage of 
plantable areas occupied by native plants: 5.0% for SV, 15.0% for GD, and 50.0% for PT. 
In addition, yards are expected to have multiple (5) vegetation levels, such as tree 
canopy, and understory canopy (Appendix B Figure 1), however there is no measure of 
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the percentage cover at each level. Abundant evidence indicates that increasing 
vegetation volume and heterogeneous multi-leveled habitat increases the abundance 
and species richness of arthropods (McIntyre et al. 2001, Sattler et al. 2010), mammals 
(McShea et al. 2003, Stephens and Anderson 2014), and birds (White et al. 2005, Hovick 
et al. 2014, and Bergner et al. 2015). Further work has shown that native plants also 
enhance native insect species’ reproduction (Fiedler and Landis 2007, Gerber et al. 
2008), and urban arthropods respond to local vegetation variables (Philpott et al. 2014). 
BHCP guidelines attempt to fill these needs. They include the Portland Oregon Plant List, 
which describes how each plant is expected to fit into the food web of the local animal 
community (Portland 2016), which is critical as native plants may provide more and 
higher quality food than exotic species (French et al 2005). 
 Some certification requirements are not directly related to wildlife. Pesticide 
reduction encourages use of lower toxicity pesticides, and encouragement to use an 
Integrated Pest Management program (IPM) as described by the Environmental 
Protection Agency (USEPA 2016). Storm water management is intended to reduce 
chemical flow from urban areas into local water ways. Wildlife stewardship criteria 
involve adding specific nonliving materials, such as wood snags and piles of dead 
branches, as potential nesting locations for reptiles, birds, mammals, and arthropods. 
Certification as PT also includes education and volunteerism criteria intended to 
enhance the gardening and ecological knowledge of participants to, ultimately, increase 
the pool of volunteers helping with the BHCP. 
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Methods 
Time Period 
I quantified habitat structure of each yard once during the summer of 2013, 2014, or 
2015 between the 15th of July and the 20th of September, except for 2013 when three 
sites were surveyed in early October. Ultimately, leaf fall in autumn determined the end 
of data collection each year. Sites where landscaping changed dramatically during the 
study period were not included. 
 
Site Selection 
Initial contact with the entire pool of certified yard owners was made by an ASP 
representative who used a flier I developed. Interested people contacted me via e-mail, 
and at that point ASP involvement ended. More than 500 homeowners offered to take 
part. From this pool I chose study sites in pre-determined regions of the city with a 
range of tree canopy cover, from areas with low (0-50%) to high cover (50% to 80%). 
This method was blind to certification level. There were more yards at the lower 
certification levels in the program, and hence in the study. Non-certified yards were 
recruited via neighborhood association meetings, publicized public meetings for this 
purpose, and by asking BHCP participants already in the study to recruit neighbors with 
non-certified yards. Although avian survey data were collected from 200 yards, time 
allowed for only 151 to be surveyed for vegetation (Fig. 2.1). Four of the 151 were much 
larger than all others and for this reason I excluded them from the analysis. 
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Vegetation Data Collection 
Total percent cover, and percent cover of native and exotic herbaceous plants (herbs), 
shrubs and trees were collected at 0 m, 0.5 m, 1.0 m and ≥ 1.5 m above ground. Native 
plants were those listed on the Portland Plant List, which lists plants endemic to the 
Willamette Valley. An exotic plant was any plant outside this list with the exceptions of 
grasses maintained as lawns, which were collectively listed as “lawn”. Percent cover of 
ground variables including bare ground, mulch, stone, stump, tree base, fine litter, 
moss, lichen, and lawn were visually estimated. 
 To delineate the area of each measurement point I used a 1-m2 square quadrat, 
and a modified Robel pole (Robel et al. 1970) to measure vegetation structure at the 
heights listed above. Plantable area was calculated by measuring and adding the area of 
various plantable patches at each residence. Gravel and mulch were included as 
plantable space, but large patches of impervious surface or decks blocking access to the 
soil were not. Gravel, landscaping rocks, and isolated stepping stones encountered at a 
sampling point were recorded as stone. I set a maximum of 16 quadrats per yard, which 
means 3% of the surface of yards with less than 533 m2 was sampled, between 1% and 
3% of a yard was surveyed for yards between 533 m2 and 1,600 m2; 8 of 147 surveyed 
yards were greater than 1,600 m2, but all were less than 3,000 m2. Number of quadrats 
needed for each yard was calculated by determining 3% of the area for each yard, up to 
533 m2, and stopping at the 16 quadrat limit. The section of yard where quadrats were 
to be located (either the front, back, or side) was determined by the percentage of the 
total plantable area they occupied. The location of each quadrat was determined 
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randomly by interpreting the length and width of each section of yard as X and Y 
coordinates. Random coordinates for the X and Y axes were then generated using a 
random number generator. Survey time varied from 2 to 6 hours per yard. 
 Within each quadrat the percent cover of each ground variable was collected 
and then herb, shrub, and tree measurements were visually estimated at each of the 
other heights. Above 1.5 m, tree cover was taken by standing at each of the 4 quadrat 
corners, looking up, and estimating the percent area covered by tree branches and 
leaves. This gave a total for each type of vegetation overhead, similar to the BHCP 
vegetation layer estimates. Data from all individual quadrats within a yard were 
averaged to create a single mean for each variable for each back yard. The 
measurements at each height were then summed. A total of 45 individual 
measurements (Table 2.2) were taken at each site, including measurements at each of 
the 3 heights, yielding the final individual yard variables: total herb, total shrub, total 
tree, total native herb, total native shrub, total native tree, total exotic herb, total exotic 
shrub, and total exotic tree. There were 18 survey variables: 9 for herbs, shrubs, and 
trees, and 9 for ground cover. To compare yards to the urban matrix, publicly available 
landscape data were collected to generate variables for grass and herbaceous land 
cover, and tree canopy cover. These were calculated for a 500 m radius circle centered 
on each yard using the buffer tool of ArcGIS (ESRI 2015). LIDAR canopy raster data from 
Portland Metro (Portland 2014) were reclassified assigning a 1 or 0 to pixels with or 
without canopy cover, respectively. Area of canopy was calculated using the Tabulate 
Area 2 tool within the 500 m buffer circles. Grass and herbaceous landcover data from 
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the US EPA (US EPA 2015) and the Tabulate Area 2 tool were used in the same manner 
to create the grass and herbaceous cover for the 500 m radius circle. 
 
Statistical analysis 
I used several methods to test for differences in the mean values of yard variables 
among SV, GD and PT yards. Means were compared with an ANOVA. I report mean ± SE 
for each variable, and p-value for any that differed significantly among yard 
classifications. I report the overall mean and the p-value of the ANOVA F-ratio for the 
significance of certification alone as a model effect. I used discriminant function analysis 
to test the ability of the predictor variables to correctly classify yards into their stated 
certification types. I did this both with and without the NC yards included in the analysis. 
Principal component analysis based on a correlation matrix was used to describe major 
gradients of variation in vegetation structure in yards without consideration of yard 
certification. For this I used all variables that had means of 10% cover or higher for the 
average yard; this excluded several of the rare ground cover variables. 
An implicit assumption of any yard restoration program is that wildlife responds 
directly to habitat within the yard space, but it is possible that the surrounding 
landscape has a more important influence on the animals using a given yard. 
Mismatches between yards and surrounding landscape therefore have the potential to 
undermine the ability of yard restoration to benefit wildlife. To test for how well 
individual yards matched the surrounding landscape, I compared the yard variables total 
herb, total shrub, total tree, and lawn to landscape variables canopy and 
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grass/herbaceous cover obtained for a 500 m radius circle centered on each yard. I used 
principal component analysis and Pearson correlation analyses to determine the 
relationships among yard and landscape variables. Analyses were run as both a single 
set combining all yards as well as all yards grouped by certification levels to determine if 
matrix matching was a property of certification. 
 
Results 
Eight variables differed significantly among SV, GD and PT yards while two others were 
marginally nonsignificant (Table 2.2). PT yards had significantly less lawn, and more total 
tree canopy, native trees, and native herbaceous plants (Table 2.2). GD yards had more 
shrub cover than NC or SV (similar to PT yards), but less area covered by stumps than PT 
yards. SV yards had less bare ground, fine litter, tree canopy and native shrubs than 
both GD and PT yards. NC yards had the greatest amount of lawn, and less cover by 
shrubs and native shrub than all certified yards except for SV yards. 
To describe overall covariation of habitat variables among yards, I conducted a 
principal component analysis of variables that, on average, had a percent cover of at 
least 10% without drawing the distinction between native and exotic plants. This 
included bare ground, fine litter, lawn, mulch, herb, shrub, and tree. Eigenvalues for the 
first four eigenvectors (i.e., principal components [PC]) exceeded 1.0 and explained 80% 
of the variation in habitat structure among yards (Table 2.3). An ANOVA of the PC1, PC2, 
and PC3 mean values among the four yard types showed no significant differences, both 
70 
 
with and without not-certified yards. PC1 was a contrast of yards dominated by lawns 
(negative scores) with those dominated with cover of fine litter and abundant shrubs 
and especially trees (positive scores; Table 2.3). On PC2, yards with negative scores 
contained little bare ground or tree cover but abundant cover by mulch; whereas yards 
with positive scores lacked mulch but bare ground but herbaceous vegetation and tree 
cover were high. Component 3 was a contrast of yards with abundant lawn but little 
cover by herbaceous vegetation or bare ground (negative scores) with yards of the 
opposite condition of little lawn, but abundant bare ground and/or herbaceous 
vegetation. Finally, PC4 mainly contrasted yards that were dominated by either 
herbaceous plants or few shrubs (negative scores) with those where herbaceous 
vegetation was replaced by shrubs (positive scores). 
The DFA, which used the nine variables identified by the ANOVA as differing 
among yard categories, correctly assigned nearly 70.0% of sites to their proper category 
when only certified yards were included in the analysis (Table 2.4). Similar proportions 
of SV and PT yards were correctly classified (~75%), but GD yards were somewhat lower. 
Within each category, comparison of the observed to the expected number of yards 
assigned to each category, assuming random assignment, showed that significantly 
more yards were assigned correctly than expected by chance in 2 of 3 cases (Table 2.4); 
PT yard classifications were not different from random, but that was likely a 
consequence of small sample size because PT yards had the highest percentage correct 
classifications (Table 2.4). Including the NC sites reduced the proportion of correctly 
assigned sites to 50.3%; PT sites were the least affected, but misclassification increased 
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for all categories mostly because misclassified NC yards were often placed into the SV 
and GD categories (Table 2.4). Nonetheless, most SV, GD and PT yards were placed in 
their proper category and in 2 of 4 cases the percentage of sites assigned correctly was 
better than random (Table 2.4). 
Correlations of the four primary yard variables (cover by lawn, herbaceous 
vegetation, shrubs, and trees) with the proportion of the surrounding landscape that 
was covered either by trees or low vegetation (grass/herbaceous vegetation) were not 
strong. Indeed, only tree cover in yards varied with landscape variables when all sites 
were combined (Table 2.5), but <7% of tree cover in yards could be accounted by 
landscape tree cover or landscape grass/herbaceous cover (Table 2.5). Separate analysis 
for all four yard categories showed that uncertified yards exhibited more significant 
associations with landscape variation in tree and grass/herbaceous cover (6 of 8 
correlations significant) than any of the yards in the program, but again, the strongest 
correlation indicated that only 17% of variation in lawn cover within yards could be 
accounted for by landscape tree cover. Thus, habitat structure within yards was 
relatively independent of the character of the surrounding matrix (Table 2.5). Habitat of 
yards tended to be somewhat more strongly related to canopy cover at the landscape 
level (9 significant correlations) than with grass/herbaceous cover (6 significant 
correlations; Table 2.5). The overall strongest relationship was an inverse correlation 
between tree canopy cover in yards and grass/herbaceous cover in the landscape for SV 
yards (Table 6), while the strongest positive correlation was between shrub and canopy 
in PT yards (Table 2.5). 
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Discussion 
The primary purposes of the BHCP are to reduce the spread of invasive plants, and to 
increase the level of suitable wildlife habitat in the city by promoting the eradication of 
invasive plants and lawns in favor of increased cover by native trees and other native 
plants. The three levels of certification used by the BHCP, the strict adherence to 
requirements for minimum levels of native plants, and reliance on well trained 
volunteers to conduct onsite evaluations should create, all else being equal, a program 
that moves yards through a progression of increasing vegetation structure and 
representation of native plants.  
The independent data collected in this study generally suggest that the program 
is meeting the objectives. Although no “pre-certification” vegetation data were available 
to conduct before-after comparisons of vegetation, it seems likely that the BHCP is 
achieving its goals. This is valuable as yards maintained as lawn provide few resources 
for wildlife because both mowing and leaf-blowing are designed to remove organic 
material. Maintaining lawn also contributes to waterway pollution (Morton et al. 1988) 
as the dense root and compacted soil structure is little better than impervious surface 
for absorbing rain or irrigation water (Yufen et al. 2008, Bedan and Clausen 2009). Lawn 
is, however, much more effective than bare soil at reducing run-off (Blanco-Canqui et al. 
2004) and is valuable as an erosion control method (De Baets et al. 2006). My results 
indicate that NC and SV yards had very similar levels of native vegetation, with both 
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being well below that typically found in GD and PT yards. While it is possible that these 
yards contained adequate levels of native plants before involvement in the program, the 
BHCP quantitative measures are successful at identifying yards with increasing levels of 
native plants and may be effective at encouraging native plantings. 
One goal of the expansion of native plantings is to provide potential habitat for 
native lepidoptera. Many lepidopterans require native host plants to reproduce, and 
many exotic plants used in yards are resistant to herbivory by insect herbivores (Tallamy 
and Shropshire 2009, Burghardt et al. 2010). Native lepidopteran larvae are critical food 
for nestling songbirds. Thus, the difference between BHCP yards and yards with 
dominance of space by lawns is increased herb and shrub vegetation, which increases 
the overall volume of habitat available to all wildlife. However, it is unknown if the 
program itself has resulted in a substantial increase in native vegetation because there 
is no way to know if any of the certified yards had certifiable levels of native plants 
before entering the program. The fact that most yards enter the program at the SV (or 
lower) but then advance to higher levels after reevaluation (West 2016) suggests 
strongly that the program does in fact promote native plantings (West 2016). 
 My analyses suggest that the certification program’s discrete categories of SV, 
GD and PT are somewhat artificial as considerable overlap in vegetation structure 
among yard levels exists. For instance, the scatter plot of the first and second canonical 
axes from the DFA (Figure 2.4) showed good separation of the centroids for each yard 
type, but also considerable overlap. Most overlap occurred between either SV and GD, 
or GD and PT, and very little between SV and PT, suggesting that a yard entering the 
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program is on a trajectory of continued improvement, but this is only speculation given 
the absence of data on pre-certification yard structure. Participants in the lower tier of 
certification need to receive encouragement and support to continue to improve their 
yards so that advancement to higher tiers of greater potential wildlife habitat occurs. 
 SV and PT yards were separated mainly by the variables contributing to the first 
axis of the DFA, which is the axis defining the primary gradient from yards with either 
traditional lawn or mulch and few trees to yards with highly structured and complex 
vegetation. While GD yards were intermediate, they overlapped considerably with both 
SV and PT yards on axis 1. Additional separation of GD yards from the other yard types 
occurred on the second axis of the DFA, indicating that GD yards tended to have greater 
cover by native shrubs than either SV or PT yards, suggesting a possible intermediate 
stage in yards in their gradual transformation from lawn to herbaceous/shrub cover to 
the more typical high tree cover of PT yards. NC yards overlapped with all certification 
levels (Table 2.4). This likely indicates that some non-certified yards already possessed 
the desired qualities of the BHCP program and supports the possibility that at least 
some certified yards entered the program at a level that required little additional 
landscaping. In such cases the BHCP, instead of helping to create wildlife habitat de 
novo serves as the entity that recognizes and rewards those that already have many of 
the desired conditions. 
I selected sites without regard to existing yard vegetation and some were 
pending certification. Some of these yards almost certainly contained invasive plants, 
which immediately makes them uncertifiable because certain invasive plants like 
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Himalayan blackberry or English ivy automatically exclude yards from certification. 
However, some of these yards may also have abundant native vegetation and 
acceptable vegetation structure. Such yards, although tainted by the presence of 
invasive species, may support wildlife, even partially because at least some invasive 
plants provide benefits for wildlife, including food (Schmidt and Whelan 1999, Brown 
2002) or nesting sites (Gaire et al. 2015). Thus, the overlap of NC yards with all other 
yard types might include some yards with wildlife friendly habitat, and certainly reflects 
the wide range of yard landscaping that exists in Portland outside the BHCP. 
 The PCA showed several trends that may indicate human preference for creative 
planting styles, which may possibly inform future efforts of yard-based habitat 
restoration. While some of the components may not be statistically interpretable 
(Manly 1984, Jolliffe 2016), it is useful to discuss them, as the lack of correlations reveals 
an important pattern. Yards represent continuums as shown with the DFA, but 
individual yards tended to be dominated by one or two categories of the four major 
plant types: lawn, herbs, shrubs and trees. For instance, PC1 represented the primary 
gradient describing the continuum from traditional yards with considerable lawn to 
yards dominated by high cover of trees or shrubs. PC2 contrasted yards that had either 
few trees and abundant mulch with yards in which bare ground replaced mulch and tree 
cover increased. Loadings of variables on PC3 indicated that yards with abundant lawn 
were contrasted with yards dominated by a combination of high shrub cover and/or 
bare ground, while the primary contrast on PC4 was of yards dominated by either high 
herbaceous plant cover or shrubs. The progression from PC1 through PC4 thus suggests 
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that the contribution of tree cover to variation in vegetation structure of yards declined 
and at the same time there was a gradual transition from yards dominated by lawns to 
mulch/bare ground to, eventually, herbaceous plant cover. Thus, trees were the most 
crucial factor differentiating yards while ground cover played a secondary role. The 
patterns lend themselves to broad groupings of “lawn,” “herb,” “shrub,” or “tree” yards 
along a continuum. In a sense, yards in human managed landscape seemed to roughly 
follow a trajectory of forest succession going first through yards dominated by grasses 
to herbaceous plants, then small shrubs and finally young trees. Trees in any situation 
grow slowly and a newly restored yard may lack trees all together yet have lawn and a 
few herbaceous plants. Planting will remove some lawn, but the exposed area may not 
be suitable for many of the shade preferring herbaceous plants of the Portland region. 
Only once trees grow and a canopy is established can native herbaceous and shade 
loving plants be established. 
Residential yards in Portland were not landscaped to match the surrounding city; 
nor were they landscaped to contrast with it. Rather, yards most likely reflected the 
individual preferences of homeowners, which can be affected by nearly endless 
variables. Any one home is surrounded by vegetation in other yards, city parks, and 
street plantings. Owners interested in restoration may be inclined to attempt to replace 
plant types that are missing locally, and hence are different from the matrix. People not 
interested in restoration may prefer lawn in regions with trees to allow for simple yard 
maintenance. Some yard owners may try to mimic their neighbors instead of focusing 
on the city scale of the landscape (Zmyslony and Gagnon 1998). The primary function of 
77 
 
residential yards, in almost all cases, is to serve for habitat for humans with wildlife, in 
most cases, a distant second at best. Even though I worked with yards in the BHCP, they 
were designed to provide resources for humans. A visually stimulating environment for 
recreation, gardens for food, an area to hang drying laundry, and a place to do dirty 
chores are common yard components. While a yard dense with shrubs and herbs may 
provide the best habitat for birds, it limits use of the space by humans. Many yards in 
the study have areas that are nearly inaccessible to humans due to dense shrub and 
herb vegetation, but all contain aspects to encourage human use of the space. The 
personal and creative nature of landscaping, even when guided by strict requirements, 
creates a situation where it is unlikely that a yard will match the surrounding urban 
vegetation. 
 My independent examination of the Portland BHCP shows that the program 
segregates yards into categories of increasing habitat structure and levels of native 
plants consistently, but that vegetation structure of yards in the program fall along a 
continuum of increasing vegetation structure and complexity. Our desire for discrete 
categorization of yards, while understandable, is not truly possible. My research has also 
shown that NC yards often share features with SV and GD yards, but that they may be 
excluded solely because of the program’s requirement that all invasive and many non-
native plants be eliminated regardless of whether wildlife benefit from their presence. 
While it may be true that some species prefer native plants (French et al. 2005), this is 
not true in all situations. For instance, in Shipley et al. 2013 they found that Spotted 
Towhee (Pipilo maculatus) fledglings spent most of their time hiding in Himalayan 
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blackberry patches, possibly because it provided substantial protection from predators, 
fruit, and abundant arthropod forage. 
Few other yard certification programs involve the level of detail and verification 
of compliance as the BHCP. The most widely used program in the United States is the 
“Garden for Wildlife” managed by the non-profit National Wildlife Federation (NWF 
2017). Many local programs, such as in the state of Delaware (Delaware Nature Society 
2017), adopt the NWF criteria. While the NWF program has requirements like the BHCP 
(Appendix B Table 3), they are simple, not specific to each region or habitat, and do not 
encourage removal of listed invasive species. The NWF certification program requires 
completing a website questionnaire, and paying a fee which increases depending on 
which type of lawn sign a participant is interested in. There are no visits and there is no 
verification of compliance. However, not all local efforts are without logical 
consideration of local vegetation. There are programs such as that found in San Jose, CA 
(San Jose 2017) that provide local native plant guidance without inspection. Audubon 
chapters in Tucson, AZ (AST 2017), and Atlanta, GA (ASA 2017), have recently adopted 
programs based on the BHCP with on-site certifications, and the National Audubon 
Society maintains a regionally specific database for bird-friendly native plants (Audubon 
2017). 
 The final and critical piece to the BHCP is the built in self-replication mentioned 
above. The small BHCP paid staff at the ASP (1 person), and several volunteers there and 
at the CLT cannot manage, promote, and grow such a large program. To meet the needs 
and goals of the program, participants at the PT level are required to annually fulfill one 
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of several criteria that serve to support the program in outreach, education of the 
public, expansion of the program, and assist with certification of new program yards. PT 
participants must showcase their yard in an annual citywide event, participate in 
education programs, be trained as a Master Gardener (OSU 2017) or volunteer for the 
BHCP. The trained volunteers who certify the yards are frequently PT level yard owners 
who have been trained as “Master Gardeners”. PT yard owners are also expected to 
recruit neighbors for the program. The potential for this program to expand its outreach 
is thus limited mainly by human resources, and without growth of the program, the 
impact of any individual homeowner to positively affect wildlife is limited. Thus, an 
increase in human resources for “boots on the ground” involvement is the key to 
increase the impact of backyard habitat on urban wildlife conservation.  
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Chapter 2 Figures and Tables 
 
 
Figure 2.1 Study area for sampling of birds, and habitat variables from random locations 
(green circles) and yards (blue circles). The orange line and pink region indicate the 
study area. Portland, OR is outlined by a thick black line and is bordered by Vancouver 
WA, Gresham OR, Lake Oswego OR, Tigard OR, and Beaverton OR (clockwise from the 
north). The Willamette River divides Portland into east and west halves, while Burnside 
Street separates north from south Portland. A northwest turn in the Willamette River 
separates Northwest Portland (NW) from North Portland (NP). Green lines below follow 
these landmarks and divide the indicated regions NW, NP, Northeast Portland (NE), 
Southeast Portland (SE), and Southwest Portland (SW). 
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Table 2.1. List of yard and landscape variables collected at 147 yards in Portland 
Oregon. 
Yard Variables 
0.0 m Only 0.5m / 1.0 m / 1.5 m 
Planted Area Exotic and Native Herb 
Log Exotic and Native Shrub 
Stone Exotic and Native Tree 
Stump Total Herb 
Tree Base Total Shrub 
Fine Litter Total Tree 
Total Moss  
Total Lichen Landscape Variables 
Lawn 500 m LIDAR Canopy 
Mulch 500 m Grass/Herbaceous 
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Figure 2.2: Least square means of 18 variables in 33 Silver, 55 Gold, and 13 Platinum 
yards in the Audubon Society of Portland’s Backyard Habitat Certification Program.  
 
 
 
 
 
 
 
Figure 2.3: Least square means of 18 variables in 46 Not Certified, 33 Silver, 55 
Gold, and 13 Platinum yards in the Audubon Society of Portland’s Backyard Habitat 
Certification Program. 
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Figure 2.4: Scatter plot of canonical axis 1 and canonical axis 2 of a discriminant 
function analysis (DFA) of 33 Silver (orange circles), 55 Gold (green circles), and 13 
Platinum (blue circles) yards in the Audubon Society of Portland’s Backyard Habitat 
Certification Program. The 9 Included variables (Table 2.3) varied significantly 
among the yard types for at least one certification level. The two primary canonical 
iaxis of the DFA maximally separate the certification groups, and the rays of the 
plot indicate the degree of association that the covariates (vegetation variables). 
The + at the center of the two circles indicates the point of each multivariate mean. 
The inner circle is the 95 % confidence interval for each mean, while the outer 
circle contains 50 % of the samples (yards) for each group. 
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Table 2.2: Means standard error, and ANOVA by certification level for the 18 final 
yard variables in 46 Not Certified (NC), 33 Silver (SV), 55 Gold (GD), and 13 Platinum 
(PT) yards in the Audubon Society of Portland’s Backyard Habitat Certification 
Program. Means which are significantly different (p < 0.05) are in bold. The overall 
mean (MEAN), is also given as well as the F-ratio and alpha (F [P]) of the F-ratio for 
the effect of certification. 
Variable NC SV GD PT MEAN (F [P]) 
Bare 
Ground 
10.97 ± 1.28 
8.48 ± 1.52 
(0.035) 
11.28 ± 1.18 14.80 ± 2.42 10.869 
1.74 
(0.161) 
Stone 3.79 ± 0.97 6.04 ± 1.15 4.10 ± 0.89 5.12 ± 1.83 4.529 
0.88 
(0.454) 
Stump 0.09 ± 0.03 0.01 ± 0.04 
0.004 ± 0.03 
(0.038) 
0.15 ± 0.06 0.047 
2.77 
(0.043) 
Tree Base 0.09 ± 0.04 0.18 ± 0.05 0.10 ± 0.04 0.10 ± 0.08 0.116 
0.67 
(0.570) 
Fine Litter 40.01 ± 2.82 
30.57 ± 3.33 
(0.013) 
40.34 ± 2.58 41.42 ± 5.31 38.142 
2.23 
(0.087) 
Moss 9.05 ± 1.33 4.27 ± 1.57 5.80 ± 1.22 8.44 ± 2.51 6.707 
2.17 
(0.094) 
Lichen 0.12 ± 0.07 0.16 ± 0.08 0.05 ± 0.06 0.25 ± 0.13 0.115 
0.84 
(0.470) 
Lawn 
27.34 ± 2.68 
(0.0004) 
21.29 ± 3.17 18.74 ± 2.45 
4.81 ± 5.05 
(0.001) 
20.772 
5.57 
(0.001) 
Mulch 16.38 ± 3.25 
31.11 ± 3.84 
(0.004) 
19.09 ± 2.97 17.33 ± 6.12 20.786 
3.24 
(0.024) 
Herbaceous 36.42 ± 2.59 36.80 ± 3.07 36.81 ± 2.37 41.67 ± 4.90 37.116 
0.32 
(0.808) 
Shrub 
34.97 ± 3.29 
(0.034) 
35.44 ± 3.88 
48.46 ± 3.01 
(0.027) 
48.07 ± 6.18 41.279 
4.29 
(0.006) 
Tree 33.49 ± 2.78 
29.72 ± 3.28 
(0.02) 
35.18 ± 2.54 
48.01 ± 5.23 
(0.006) 
34.560 
2.99 
(0.033) 
Exotic Herb 23.69 ± 2.18 23.63 ± 2.58 19.99 ± 2.00 20.04 ± 4.10 21.969 
0.75 
(0.525) 
Native Herb 14.24 ± 2.02 14.06 ± 2.38 19.25 ± 1.85 
24.60 ± 3.80 
(0.03) 
16.992 
2.96 
(0.035) 
Exotic 
Shrub 
15.40 ± 2.14 16.03 ± 2.53 12.81 ± 1.96 12.29 ± 4.03 14.299 
0.52 
(0.671) 
Native 
Shrub 
20.37 ± 2.60 
(0.003) 
19.74 ± 3.07 
(0.003) 
36.65 ± 2.38 
(0.004) 
35.17 ± 4.90 
(0.064 
27.628 
10.37 
(<0.001) 
Exotic Tree 15.97 ± 2.17 15.644 ± 2.57 16.05 ± 1.98 12.80 ± 4.09 15.647 
0.18 
(0.908) 
Native Tree 18.69 ± 2.67 14.36 ± 3.15 20.25 ± 2.44 
37.28 ± 5.02 
(0.003) 
19.944 
5.10 
(0.002) 
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Table 2.3:  Eigenvectors of principle component analysis of seven yard variables 
which are the primary variables creating habitat structure in 147 yards in this 
study. Each variable used has coverage within yards of at least 10%. 
 
Eigenvectors 
  
 
PC1 
 
PC2 PC3 PC4 
 
Bare -0.286 0.518 0.539 0.394 
 
Fine Litter 0.817 0.283 -0.233 0.057 
 
Lawn -0.713 0.067 -0.574 0.116 
 
Mulch 0.257 -0.832 0.097 -0.270 
 
Herb Total 0.013 0.337 0.553 -0.615 
 
Shrub Total 0.423 -0.289 0.293 0.669 
 
Tree Total 0.578 0.513 -0.382 -0.100 
 
Eigenvalues 1.838 1.506 1.221 1.081 
 
Variation (%) 26.259 21.512 17.447 15.446 
 
Cumulative variation (%) 26.259 47.771 65.219 80.665 
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Table 2.4: Discriminant function analysis (DFA) results of test to determine the ability of 
measured yard variables (Stump, Shrub, Fine Litter, Lawn, Mulch, Tree, Native Herb, 
Native Shrub, and Native Tree) to assign certified yards into their correct categories of 
Not—Certified, Gold, Silver, and Platinum. The first DFA (top) included only certified 
yards (101) and the second (bottom) included all 147 yards. Numbers in parenthesis are 
the number of yards in each group. The number of yards in each certification group 
which were assigned by the DFA to their own, and the other groups are cell values listed 
under “Site Assignment by DFA”. Also given are the percent classified correctly for each 
group (Correct %) as well as the overall level of misclassification by the DFA. 
DFA with only Certified Yards 
31 of 101 (30.7%) misclassified 
Certification 
– 
(# of Yards) 
Site Assignment by DFA 
Silver Gold Platinum Correct % 
Silver (33) 25 6 2 75 
Gold (55) 16 35 4 63 
Platinum (13) 2 1 10 77 
DFA with All Yards 
73 of 147 (49.7%) misclassified3 
Certification – 
(# of Yards) 
Site Assignment by DFA 
Not 
Certified 
Silver Gold Platinum Correct % 
Not C (46) 22 12 10 2 48 
Silver (33) 11 18 2 2 55 
Gold (55) 11 12 25 7 46 
Platinum (13) 1 2 1 9 69 
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Table 2.5: Correlations among 4 yard vegetation structure variables lawn, herb, 
shrub,and the 2 landscape variables canopy 500 m and grass and herbaceous plants 500 
m.  Significant correlations (P<0.05) are underlined and bold. Correlations are presented 
for each certification level, with the number of sites in each level in parenthesis, as well 
as for all yards as a group. 
  Canopy 500 Grass/Herb 500 
Not Certified (46) 
Lawn -0.417 0.347 
Herb 0.353 -0.300 
Shrub 0.104 -0.099 
Tree 0.328 -0.328 
Silver (33) 
Lawn 0.358 -0.071 
Herb -0.188 -0.04 
Shrub -0.033 0.325 
Tree 0.055 -0.482 
Gold (55) 
Lawn -0.119 0.042 
Herb 0.284 0.066 
Shrub -0.143 -0.016 
Tree 0.118 -0.007 
Platinum (13) 
Lawn -0.377 0.088 
Herb -0.003 -0.176 
Shrub 0.393 -0.211 
Tree 0.235 -0.121 
All Sites (147) 
Lawn -0.176 0.192 
Herb 0.191 -0.122 
Shrub 0.036 -0.036 
Tree 0.241 -0.253 
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Chapter 3 
The Ability of the Backyard Habitat Certification Program, Certified Habitat 
Yards, to Support the Avian Community of Portland Oregon. 
Andrew Gibbs 
 
Abstract 
 
The Backyard Habitat Certification Program (BHCP) is a large yard habitat restoration 
program, encompassing over 3000 yards, certified at 3 levels: silver (SC), gold (GD) and 
platinum (PT). I tested the value of these yards and not-certified (NC) yards to birds by 
examining relationships among habitat variables at two landscape levels (150 m and 500 
m from each yard) and using within-yard vegetation measurements. I conducted 3 - 4 
bird surveys in 146 yards over 2 summers. These yards were also surveyed for 
vegetation once over the same period. Bird surveys were 10 minute counts, yard 
vegetation percent cover was collected with quadrats, while landscape variables were 
extracted from LIDAR and aerial photographs. Avian abundance, and richness and 
diversity of bird species were found to respond to principal component axes of 
urbanization, and variables related to urbanization (e.g., impervious surface, canopy 
cover, and population density), to the yard variables of planted area and mulch and 
slightly to certification level. Individual species generally responded in groups; urban 
avoiding, preferring, or ambivalent. Increasing vegetation of all types, reducing 
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disturbance and reducing mulching were found to contribute towards greater numbers 
of birds. Restored yards in poorer quality matrix likely have less value than restored 
yards in higher quality matrix, while yards near natural areas, especially/or in groups, 
may be of greater individual value than more isolated yards. 
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Introduction 
Cities are largely inimical to the existence of wildlife, but with restoration efforts, we 
may be able to restore former degraded natural areas to habitable space for wildlife 
(Wortley et al. 2013). Large scale restoration can provide critical resources such as food 
along migratory routes and breeding habitat (Ruiz-Jaén and Aide 2005, Martin et al. 
2005), but measuring successful restoration is difficult (Longcore 2003), and restoration 
may include only partial return of a full community of organisms (Andersen 1993, Lomov 
et al. 2009). Restoration efforts can be slowed by re-invasion of exotic weeds that 
prevent reproduction of native plants (Wallace et al. 2017). Furthermore, without 
consideration of pre-restoration conditions it may be impossible to ascertain the value 
of any restoration effort (Hobbs and Norton 1996). 
Public efforts to restore and preserve biodiversity in cities are focused primarily 
on parcels of land under municipal control, and many of these efforts tend to be located 
on the edges of cities and isolated from each other (Oh and Jeong 2007). However 
suitable parcels of habitat within cities can support many avian species (Sandström et al. 
2006), including both resident and migrant species (Carbó-Ramírez and Zuria 2011). That 
said, it is also true that urban food webs are often incomplete because intensely 
urbanized areas often tend to have low diversity and abundance of invertebrates (Jones 
and Leather 2012), and consequently, secondary consumers such as birds (Chace and 
Walsh 2006, Palomino and Carrascal 2006). Not surprisingly, therefore, less developed 
suburban areas often support more diverse communities of birds (Blair 2004), which 
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may be enhanced by vegetation that matches the native habitat (Marzluff and Ewing 
2001, Lerman and Warren 2011). 
 However, no matter how well a city manages its own land, much of the space in 
every city is residential and privately owned. The city of Portland, Oregon, for instance, 
maintains heavily treed greenways designed to limit automobile access and to promote 
bicycle use (Portland 2016 1). The city government has established tree cover 
minimums, and plans future increases (Portland 2007). In addition to managing the 
urban landscape for tree cover, Portland contains Forest Park, the largest urban forest in 
the United States (2,025 ha), and dozens of smaller natural areas dispersed across the 
city. The expanse of houses and yards separating the natural areas are a logical target 
for restoration as the landscaping of most urban areas provide few if any resources for 
wildlife (Bormann et al. 2001, Marzluff and Ewing 2001). 
As in other cities, Portland’s landscape has been gradually deforested and 
urbanized, but fortunately, large parcels of undeveloped land have been maintained or 
restored. Nonetheless, variation across the city in housing density creates a 
heterogenous landscape with blocks of highly urbanized areas next to blocks of single 
family homes. Forest Park and other natural areas contain mostly second growth forest, 
but some old growth forest patches remain, and this is important because these islands 
of habitat can support sensitive and migrant species (Hennings and Edge 2003). The 
problem, however, is that they are isolated from each other by the extensive urban 
matrix. While greenways along streets may create potential wildlife corridors, well 
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established yard habitats throughout the city may be able to create buffers around 
natural areas and provide connectivity between them. 
 Indeed, evidence is growing that adding native plants to yard vegetation 
enhances diversity of avian communities (Burghardt et al. 2009, Goddard et al. 2010, 
and Lerman and Warren 2011). For instance, Daniels and Kirkpatrick (2006) found that 
some bird species show plant species preference (not always native) and concluded that 
yards can be an important contributor to avian conservation. Heezik and Adams (2016) 
also found that housing density and garden characteristics impacted avian community 
structure. Evidence is still meager, however, and what is now needed is more intensive 
studies of bird and plant community structure in yards to address the important 
question of whether individual efforts to enhance wildlife populations through native 
plantings can succeed in enhancing wildlife populations. The idea that yards can be 
planted in a way to provide at least some habitat for birds, or other wildlife, is 
supported by work in urban environments that show variables such as canopy cover, 
lawn and impervious surface in small regions do affect avian community structure. For 
example, Melles et al. (2003) found that presence of trees and fruiting shrubs increased 
bird abundance on both local and regional scales (within 1,000 m of sample points) 
whereas abundance declined with increasing cover by impervious surfaces. 
 In this study, I tested the hypothesis that avian abundance, richness, and 
diversity in yards could all be enhanced by modification of local (yard) habitat. In 
addition, I examine the responses of individual species to variation in yard habitat 
structure. I used data on vegetation structure and avian community structure from 146 
105 
 
yards in the Audubon Society of Portland (ASP) Backyard Habitat Certification Program 
(BHCP), and other yards not in the program, along with GIS based landscape data, to 
measure avian responses to vegetation characteristics at both the local (the yard) and 
larger landscape scale. My sample thus included yards that ran the gamut from very 
traditional lawn centered landscape design to yards restored and ‘certified’ by BHCP as 
highly suitable bird habitat (Gibbs 2018 1). As of 2016 the BHCP involves 3,500 yards 
(West 2016) distributed across the city; this number increases annually by 300 to 500 
yards. I described the program in (Gibbs 2018 1), and have found that certified yards, 
while varying in structure on a continuum, are on average distinguishable based on 
representation of native plants and vegetation structure. 
 The BHCP was initiated by citizens in Portland who developed the program for 
certifying yards as free of invasive species of plants, and with a minimum level of native 
plants and multiple levels of vegetation structure. A primary goal was to enhance 
wildlife habitat, but the program relies on anecdotal reports from participants to 
support its claims of success in creating bird habitat. Mine is an independent study of 
the impact of overt changes to these yards to enhance bird species richness. However, it 
is also important to question whether efforts at the scale of individual lawns can 
override landscape scale effects, and therefore I also attempted to understand how 
species distribution patterns in yards are influenced by the landscape within which yards 
are embedded. I provide a critical evaluation of the program, its success, its limitations, 
and make recommendations for this and other yard restoration programs. 
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Methods 
Description of the city, site selection, BHCP 
 This study was conducted within the boundaries of privately owned yards located in 
Portland, Oregon (45.52° N, 122.67° W), a city of 639,863 people living within a 375 km2 
area (US Census Bureau 2017). The surrounding suburban areas include another 1.5 
million people and were partially included in the study area (Figure 3.1). Portland’s 
Pacific Northwest climate is cool (near freezing) and wet in winter, warm (~35o C) and 
dry in summer, and with an average annual total precipitation of 100 cm. Portland’s 
natural vegetation is conifer-dominated forests, most of which is currently found 
scattered in residential neighborhoods and parks and greenspaces (P&GSs) throughout 
the city. 
 Selection of yards in this study was a tiered process beginning with choosing 
regions with appropriate tree cover, and then selecting yards within these regions. Two 
neighborhoods with high canopy cover levels (70-80%) and two with low levels (0-30%) 
were chosen via visual inspection of aerial photographs. All BHCP participants in the 
selected neighborhoods were contacted by ASP about the study via an email describing 
my study. Those interested contacted me and volunteered their yards. I also wanted to 
have traditional landscaping represented in my sample and to recruit these and other 
non-certified yards, contacts were made with people at neighborhood association 
meetings, events that I sponsored in participant’s yards, and through direct recruitment 
of neighbors. Over 500 people offered their yards. I randomly ordered the sites in each 
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neighborhood so as not to bias any yards. I sampled 200 yards adequately in a single 
season for birds, and 151 of these were selected randomly (random number generation 
in Microsoft Excel 2007) for vegetation surveys. Several of the 151 were excluded from 
final analysis because less than three bird surveys were conducted, or they were too 
large to be comparable, leading to 146 yards. 
 
 Field methods 
Yards in the study were not visited prior to the first bird survey, as they were often 
recruited and surveyed initially in the same week. Initial site visits included brief notes 
(~5 min) about the vegetation composition including rough coverage estimates of herbs, 
shrubs, and trees, and rapid sets of photographs of each yard that were later used to 
verify vegetation measurements by roughly confirming the later measurements of 
vegetation cover. To maintain random choice of yards, no yards were rejected based on 
any initial vegetation findings; any yard that was volunteered in the proper 
neighborhoods was included in the study. Yards in this study were surveyed for birds in 
conjunction with a concurrent study of avian distributions across the Portland landscape 
(Gibbs 2018 2). All but three of the 146 participating yards were associated with single-
family dwellings, and while the configuration of yards varied (i.e., position of house in 
yard), most had traditional front and backyards. 
 Bird surveys were conducted in the early mornings of 2013 (5 June through 24 
July) and 2014 (25 May to 21 August). Each day between 8 and 16 points, including 
yards and landscape points, were surveyed. I conducted all bird surveys, and 711 of the 
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967 were in yards. Yards were surveyed exclusively on week days (Monday-Friday) to 
limit encounters with residents. Points were reached by car, and routes were rotated to 
ensure all regions of the city were sampled throughout the weeks of both summers. I 
used a modified variable circular plot method (Reynolds et al. 1980) for 10-min point 
counts that I divided into five 2-min segments. On approach to each backyard, species 
encountered in the front (street side) of a house were noted but were only included in 
the official count on the rare occasions (1% of 711 surveys) when the same species 
was/were not detected during the 10-min count. Each yard was entered as quietly as 
possible, and I occupied a location giving a clear but inconspicuous view of as much of 
the yard as possible. I then waited two minutes before beginning a count. All individuals 
detected by sight or sound within the survey period were counted, taking care to not 
count the same individual twice. Individuals using bird feeders were counted, and this 
behavior was noted. Flyovers were not included in the analyses. 
 As sound level makes detecting birds difficult, and may impact their behavior 
(Brumm 2004, Parris and Schneider 2009, Halfwerk et al. 2011), level of background 
noise was estimated as very low, low, moderate, or high. If sound level changed during a 
survey it was noted. Very low sound is rare, exists primarily in wild areas, but rarely in 
the city. Low is the normal background hum of the city, where auditory detection of 
species at significant distance (at least 150 m) is still possible.  Moderate sound level 
indicated a point source of sound that limited distant detection of birds for at least a 
minute and up to 3 minutes but did not reduce detectability within 50 m. High sound 
level was defined as greatly reduced detectability at any distance; tools such as leaf 
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blowers, garbage trucks, and construction equipment created this kind of noise level. If 
such levels of sound occurred during a survey it was discontinued until the noise ended 
or I repeated the survey on a different day. Surveys were not conducted if it was raining 
more than a slight mist, which meant that I occasionally waited 10-min to initiate counts 
after the end of rain.  
Data from all surveys for each yard were summarized into single mean values of 
avian abundance (total number of birds per survey), species richness (number of species 
per survey) and avian diversity (Shannon-Wiener index). Furthermore, encounter rate 
(fraction of surveys containing a species) was calculated for all species at each location. 
 
Vegetation Surveys 
To characterize urban habitat, I used data from two public sources describing tree 
canopy cover, land cover, and number of people to quantify regional landscape around 
each yard. As described previously (Gibbs 2018 2), I used ArcGIS 10.2 to process all 
spatial data. The “Buffer” tool was used to create 150 m (local), 500 m (landscape), and 
30 m (yard) radius buffers (circles) around each yard to test for associations of birds 
with landscape features at local and larger landscape scales. Tree canopy cover values 
for each buffer distance were from a raster file developed from LIDAR data (Portland 
Metro 2014) while a raster file from the US EPA Enviro-Atlas (US EPA 2015) contained 
values for landscape cover types including impervious surface, soil or bare ground, tree 
or forest, grass and herbaceous, woody wetlands, and emergent wetlands. Tree or 
forest and grass/herbaceous were summed to create a new variable called Total Green. 
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Census block data from Portland Metro (Portland Metro 2014) were used to create a 
population density raster file. The variables were added to the 150 m and 500 m circles. 
To test the strength of the association between my assessment of canopy cover from 
my field samples and the independent LIDAR data, I compared LIDAR tree cover from 
the 30 m radius buffers to my yard-based measures. 
 The BHCP certifies 3 levels of yard restoration, increasing in number of 
requirements and level of vegetation cover from silver (SV) to gold (GD) and then 
platinum (PT) level yards (Appendix C Table 1) which I determined are distinct from each 
other (Figure 3.2) (Gibbs 2018 1). Requirements for vegetation have minimum criteria 
for percentage of plantable areas occupied by native plants: 5.0% for SV, 15.0% for GD, 
and 50.0% for PT. All yards are expected to have multiple vegetation levels such as tree 
canopy, and understory canopy increasing from three levels for SV, four for GD and five 
for PT (Appendix C Table 1). 
Yard vegetation surveys took 2 to 6 hours each to complete. I conducted them 
during the afternoons after bird surveys in 2013 and 2014 or in the later summer when 
bird surveys were complete; in 2015 surveys were conducted throughout the study 
period. I surveyed between 2 and 4 yards each day until the end of the season, which 
was determined by early leaf fall. For all measurements, a 1 m2 square quadrat was used 
to sample from 3-16 locations in each yard, the number being determined by yard 
plantable area. For smaller yards (≤ 533 m2) 3% of the area of yards was sampled; for 
larger yards (534-1600 m2) between 3% and 1% was sampled. Yards larger than 1600 m2 
were not included. To select random locations, plantable yard length and width were 
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used as X-Y axes and the yard then gridded at 1 m intervals. Coordinates for each 
quadrat location were then chosen by using a random number generating application. 
For each quadrat sample, I estimated the proportion of the 1 m2 area that was covered 
by lawn, stone, mulch, fine litter, or bare ground. The quadrat was subdivided creating 
16 smaller squares to improve accuracy of my estimates. I used the quadrat and a pole 
marked with 10 cm long white stripes at 0.5 m, 1.0 m, and 1.5 m to estimate the percent 
cover of native, exotic, and total herbaceous plants, shrubs, and tree vegetation at 
ground level and at each of the 3 marked heights above each quadrat. To make above 
ground measurements I used a flat piece of wood (my clipboard) held at each height in 
sequence from 0.5 m to 1.5 m and looking from above estimated the percent cover of 
each variable. For tree canopy, and shrubs taller than 1.5 m, I looked up from the 
corners of each quadrat, and estimated percent cover above 1.5 m. I totaled the 
measurements into a single value per quadrat for each variable. The vegetation height 
pole doubled as a Robel pole-like (Robel 1970) device that I used to measure vertical 
obstruction by estimating the percentage of obstruction at the 10 cm light colored 
regions. To do this I moved 4 m away from the pole in a random direction that was 
determined by spinning a 10 cm pointed metal device rapidly and allowing it to fall to 
the ground indicating a direction. Attached to the 1.0 m mark on the pole was a 4 m 
rope. I extended the rope in the direction indicated by the pointer and stood facing the 
pole at the end of the rope. I estimated the level of obstruction by plants at each of the 
three above-ground heights, and later combined these into a single total for each 
quadrat. All samples for each yard were pooled into single averages for each variable; 
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fine litter, lawn, mulch, total shrub, total herb, total tree, vertical obstruction and native 
and exotic totals for herb (H), shrub (S), and trees (T). 
 
Statistical Analysis 
The significant habitat differences that exist among BHCP yard certification levels (Gibbs 
2018 1) justified using yard certification as a potential predictor of avian distribution. I 
used analysis of variance to compare mean values of abundance, richness, and diversity 
among the three certification levels and non-certified yards. All ANOVA were performed 
with and without the non-certified yards in the analysis. 
 My attempts to identify the determinants of avian community structure of yards 
involved predictor variables measured within yards and the landscape matrix. 
Landscape variables at 150 m and 500 m were used separately in two principal 
component analyses (PCA), and the first 3 eigenvectors of each were retained for use in 
other tests. A PCA for the yard variables ignored the native/non-native dichotomy and 
included the proportion covered by lawn, mulch, total herbaceous plants, total shrub, 
total tree, and bare ground. Correlation analysis was used to test for significant 
associations (p<0.05) between avian abundance, richness and diversity and the full set 
of habitat variables, including eigenvectors from yard and landscape PCA’s. Other yard 
level variables were total tree, exotic H/S/T, native H/S/T, stone, stump, 30 m canopy 
(LIDAR), and vertical obstruction. Landscape variables included in the PCA were mean 
human population density, and proportion of the area covered by impervious surface, 
soil or bare ground, grass and herbaceous plants, water, woody wetlands, emergent 
113 
 
wetlands, and total green space. Variables that correlated significantly (p<0.05) with 
response variables were retained for further evaluation in models for each response 
variable. Using the retained variables, I used a best subsets regression analysis to find 
top models among each group of variables (yard, 150 m, and 500 m) and then combined 
these models to find the set of best models for each response variable. To perform best 
subsets regression analysis, I used the stepwise function in JMP, which combines all 
variables in every possible combination. The maximum number of variables I allowed 
per model was 4. The top model (lowest AICc) from each separate analysis and all 
models within 2 AICc of the top were retained as potentially competitive. Variables at 
the 150 m and 500 m landscape level that were retained by this method were then 
combined with retained yard variables to determine if models considering both 
landscape level and yard level habitat were competitive, and to determine the top set of 
models. 
 Summary variables such as abundance, richness, and species diversity are 
ultimately driven by the responses of individual species. It is thus critical to understand 
the response of individual species to the habitat variables. To determine the response of 
each species to habitat variables I examined encounter rate (proportion of surveys at 
each yard in which a species occurred) in relation to all yard and landscape variables, as 
well as the top eigenvectors from the PCAs of yard and habitat variables. Predictor 
variables that correlated significantly with at least one species were retained. 
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 I used JMP Pro 13 for all analysis. Statistics are given as mean ± SE, n, and I 
considered results with P ≤ 0.05, 0.10 ≥ P > 0.05, and P > 0.10 to be significant, 
marginally nonsignificant, and nonsignificant, respectively. 
 
 
Results 
I conducted 553 bird surveys in 146 yards with an average of 3.9 avian encounters per 
survey. Of the 146 sites 33 were SV, 54 were GD, 13 were PT, and 46 NC. There was a 
trend of increasing species richness among certification levels (Table 3.1), but regardless 
of whether NC yards (which exhibited comparatively high richness) were included, 
differences in richness among certification levels were not significant. Abundance 
followed the same general pattern as species richness (Table 3.1), and again, the 
differences among the yards were not significant. By contrast, without NC yards, species 
diversity increased with the certification levels (Table 3.1). However, this difference 
weakened when NC sites were included because species diversity of NC yards was 
intermediate to and overlapped SV and GD yards (Table 3.1). 
 Canopy cover in Portland rarely exceeded 70% cover (only 4 sites), and the 
overall mean was 35.7% at 150 m, 34.8% at 500 m. Population density and the 
proportion of ground covered by impervious surface, grass/herbaceous and total green 
were distributed normally. Tree and forest cover (derived from aerial photographs) and 
the LIDAR canopy cover values were highly correlated (150 m: r2 = 0.94, p < 0.0001; 500 
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m: r2 = 0.97, p < 0.0001) and therefore for further analysis I used only the higher 
resolution LIDAR data. Woody wetlands and emergent wetlands did not occur within 
500 m of any yard, and they were not considered further. The correlation coefficients 
between canopy cover, human population density, impervious surface, and total green 
measured at the local (150 m radius) and larger landscape (500 m radius) scales all 
exceeded r = 0.815 (p<0.0001). Mean values for all four variables at the two spatial 
scales were also nearly identical. Grass and herbaceous plant cover exhibited a weaker 
(r = 0.723) but still highly significant correlation at the two spatial scales. By contrast, 
the ground surface covered by soil/bare ground and water, both of which were rare, 
and were unrelated within the local area and surrounding landscape (Table 3.2). 
 PCA of the variables at the local and landscape levels surrounding yards yielded 
axes of variation describing common urbanization trends. The first 3 eigenvectors 
explained 83.2% and 85.4% of the variation in landscape structure for the 150 m and 
500 m buffers surrounding each yard, respectively. The first axis at the local (PC1150) 
and landscape level (PC1500) were essentially identical, contrasting sites with high 
canopy cover but low population density and little impervious surface (negative scores) 
with sites of low tree canopy but high population density and abundant impervious 
surface (positive scores) (Table 3.3). PC1 was thus a gradient of increasing urbanization. 
PC2150 described a gradient of increasing soil or bare ground and grass/herbaceous 
cover. PC2500 was similar to its local counterpart except that water (from the rivers) 
replaced grass/herbaceous. Eigenvalues for the third eigenvector at both the local and 
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landscape scales did not exceed 1.0 and were therefore not interpreted or used in 
further analyses. 
 Yard variables showed weaker patterns of covariation than landscape variables. 
The first four eigenvectors of the yard PCA all had eigenvalues ≥ 1.0 and accounted for 
just over 80% of the variation in yard habitat structure. While these components may 
not meet the criteria for further consideration (Jolliffe 2016), I describe them here, so 
others can look for the same (or different) patterns. PC1yard was a contrast of yards that 
had few trees but abundant lawn (negative scores) with heavily treed yards with little 
lawn but abundant fine litter (positive scores; Table 3.3). PC1yard was thus a gradient of 
traditional (mostly lawn) to non-traditional (high tree cover) yards. PC2yard was similar 
to PC1yard except that mulch replaced fine litter; it described a gradient of increasing 
tree cover and mulch but decreasing bare ground. PC3yard described variation among 
yards in mainly lawn and herbaceous plant cover; yards with negative scores had 
abundant lawn and few herbaceous plants and little bare ground (negative scores) 
whereas positive scores were characteristic of yards with little lawn but abundant bare 
ground and herbaceous plant cover. Finally, PC4yard was a contrast of yards with 
abundant herbaceous cover but few shrubs (negative scores) with yards dominated by 
shrubs and little herbaceous cover. 
 Correlation of abundance with all landscape and yard variables and eigenvectors 
from the three PCAs (24 correlations each) suggest that variation in abundance was 
independent of most yard variables, except that abundance increased with the area of 
yard that was planted and covered by fine litter but tended to be low where mulch 
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cover was high (Table 3.4). Abundance was also independent of the LIDAR estimate of 
yard tree cover but varied positively with tree cover at the 150 m and 500 m landscape 
scales. Abundance declined with variables indicative of high urbanization at both 
landscape levels, but generally, negative correlations were stronger at the larger 
landscape scale (Table 3.4). Species richness and species diversity showed similar 
associations with yard and especially landscape variables. Richness and diversity both 
increased as area of the yard, herbaceous cover, native trees, fine litter, total planted 
area, and LIDAR estimates of yard tree cover increased (Table 3.4). Whether measured 
at the local or larger landscape level, richness and diversity increased with canopy cover 
and total greenspace in the landscape and declined as the landscape became 
increasingly urbanized (i.e., increasing population density, impervious surface, and PC1 
at both scales). In nearly all cases, correlations of richness and diversity in yards with 
landscape variables were slightly stronger at the more local than larger landscape scales 
(Table 3.4). Correlations with yard principal components were weak and non-significant 
for PC1yard and PC3yard. However, abundance, richness and diversity were positively 
associated with increased PC2yard, while abundance, richness and diversity all declined 
with increasing urbanization at the local (PC1150) and landscape (PC1500) scales. 
 Best subsets regression analysis yielded only two competitive models for total 
abundance (Table 3.5). In both, roughly 30% of the variation in avian abundance was 
accounted for, and in both, abundance declined with increasing urbanization (positive 
PC1150 scores) but increased with herbaceous yard cover and grass/herbaceous cover at 
the local scale. The top ranked model also suggested that abundance increased with 
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area of the yard covered by exotic shrubs (Table 3.5). Analysis of species richness 
produced five competitive models (Table 3.6), and all accounted for 48-49% of variation 
in richness among yards. In all cases the two most influential associations were a decline 
in richness with increasing urbanization at the local level (i.e., PC1150) and an increase in 
richness with plantable yard area (i.e., area not covered with impervious surface). Three 
additional variables all appeared in three models each; richness declined as (a) area of 
yard in mulch increased but increased as (b) grass/herbaceous in the surrounding 150 m 
buffer increased and (c) vertical habitat structure in yards (i.e., vertical obstruction) 
increased (Table 3.6). Five competitive models emerged from the analysis of species 
diversity and they all accounted for about 45% of the variation in species diversity 
among yards (Table 3.7). In all five, species diversity declined with increasing 
urbanization at the local level (i.e., PC1150) but increased as the planted area of the yard 
expanded and as vertical structural diversity (i.e., vertical obstructions) increased. Four 
additional variables all appeared once but given the very modest increase in R2 resulting 
from their inclusion (Table 3.7), their influence on species diversity was marginal. 
I eliminated 19 of the 42 species detected in yards from analysis of encounter 
rate because they were encountered less than 3 times (all other species encountered 
≥10 times). In tables 3.8 and 3.9 I present correlations of each species encounter rate 
with the 19 yard/landscape variables that exhibited at least one significant (P ≤ 0.05) 
correlation with a species’ encounter rate. Table 3.8 includes all predictor variables that 
≥ seven species responded to, while Table 3.9 includes all predictor variables to which ≤ 
six species exhibited a response. Results of the analyses of encounter rate with PC1150 
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m and PC1500 m are not presented in the Table 3.8 because they were identical to 
impervious surface (same sign) and canopy cover (opposite sign). 
Of the 23 species, 11 exhibited significant negative responses of encounter rate 
with both cover by impervious surface and population density at the local scale. Most 
also exhibited significant increase in encounter rate as the planted area of yard 
increased (11 species), as tree canopy cover in the 30 m and 150 m area surrounding 
each yard increased (9 species for both), and as number of native trees in the yard 
increased (7 species). Most of these same species also exhibited negative responses to 
increases in grass/herbaceous cover at the larger landscape (7 species) and local (6 
species) scales. In summary, these 11 species appear to be urban avoiders. Four other 
species exhibited an opposite set of associations and appear to be prefer urbanization. 
The California Scrub-Jay (all scientific names in Tables 3.8 and 3.9) is the only one of the 
four that is a native (Table 3.8), and all four tended to have high encounter rates at sites 
with abundant impervious surface and dense human populations at the local scale, and 
little tree cover at both the local scale and within yards (30 m buffer) (Table 3.8). 
Encounter rate of 3 of the 4 also increased as area of the local landscape covered by 
grass/herbaceous vegetation increased. Of the remaining eight species, only 4 of 72 
possible correlations with yard or landscape variables were significant, suggesting the 
possibility that either data were insufficient to identify important habitat associations, 
or that they have distributions that are little influenced by the structure of urban 
landscapes. To test the former possibility, I compared encounter rate for species 
classified as urban avoiders, urban preferring, or urban tolerant species; no differences 
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existed (ANOVA: F = 0.197, p = 0.415), suggesting that the species falling into the urban 
tolerant category were not insufficiently sampled. Encounter rate of the apparent urban 
avoiders also exhibited negative associations with area of yard covered by mulch (6 of 
11) but positive relationship to area of yard covered by fine litter (4 of 11 species; Table 
3.9). No more than 3 of 11 species exhibited significant associations with the other 
variables in Table 3.9. One of the four apparent urban preferring species, the European 
Starling, avoided areas of fine litter and herbaceous cover and was, by contrast, 
encountered frequently where lawn dominated yard surfaces.  
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Discussion 
The correlation analyses (Table 3. 4) and best subsets regression analyses (Tables 3.5, 
3.6, and 3.7) demonstrate clearly that birds in yards in Portland, OR, responded to 
variation in the city’s landscape structure. Total avian abundance and species richness 
tended to, and species diversity clearly did, increase steadily within yards as the city 
landscape changed from large areas of impervious surface and high human population 
density to areas with dense tree canopy cover and lower housing density. However, the 
response of individual species to landscape variables differed considerably, as has been 
shown in previous work (Aldrich and Coffin 1980, Marzluff 2001, Chace and Walsh 2006, 
Ortega-Álvarez and MacGregor-Fors 2009). The impact of specific yard variables on 
abundance, species richness and species diversity appeared to be less important overall 
than landscape variables. Nonetheless, my results also identified several patterns 
indicating that modification of yards can affect avian community structure. 
 
Abundance, Richness and Diversity 
Response variables appeared to be affected relatively more by vegetation surrounding 
yards than by the yard variables. Species richness increased with increasing vertical 
structure within yards, but surprisingly, variables associated with three-dimensional 
structure (i.e., shrubs and herbs) had little influence on abundance and richness despite 
much research suggesting that vegetation structure is often correlated positively with 
higher abundance and richness (Mills et al. 1989, Evans et al. 2009; but see below). 
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Encouraging results, however, were the trends for increasing abundance, richness, and 
diversity as yards progressed from SV to PT categories. However, species diversity was 
the only one to exhibit statistically significant change (Table 3.1), and then only when NC 
yards were excluded. That abundance and richness exhibited only weak trends with 
changes in yard structure likely reflects the complexities of the urban system and the 
generally continuous variation in habitat structure among certification levels. Overlap 
among the levels is expected, as advancement from one to the next is gradual. 
Homeowners may continue to improve their yards over time and the fact that 
recertification or upgrade of certification happens only once every 3 years may mean 
that some SV or GD yards may have supported more individuals/species because their 
official certification lagged behind the actual quality of vegetation present (Gibbs 2018 
1). 
Avian abundance, richness and diversity of the NC yards overlapped extensively 
with GD yards, and generally exceeded even SV yards in all measures of avian 
community health. This is possibly because most of the landowners of NC yards who 
chose to participate in the study were not a random sample of Portland landowners, as 
they were primarily contacted by those who have already certified yards. A preference 
for non-traditional yards is not uncommon in Portland, and it is possible that many NC 
yards were relatively natural and shaded toward wildlife-friendly. Because of strict 
application of criteria, a NC yard can be excluded from the BHCP because of the 
presence of a single invasive plant. Inclusion of more yards with primarily lawn cover 
may have led to greater discrimination of yard types. However, that NC yards always 
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exhibited lower abundance, richness and diversity (albeit non-significantly) than PT 
yards suggests that the BHCP’s succeeds in promoting the creation of high quality 
wildlife habitat, and that efforts by individual landowners to promote biotic diversity 
can succeed. 
The correlations among diversity, richness, and to a lesser extent abundance 
show that yard habitat in Portland can have a measurable impact on birds. Total avian 
abundance did not respond strongly to yard habitat variables, except for fine litter (+), 
mulch (-), and planted area (+), which impact diversity and richness in the same 
manners. High levels of mulch seem to have a sterilizing effect for several years after 
application because mulch reduces arthropod abundance dramatically (Brown and 
Tworkoski 2004, Frank and Liburd 2005). Fine litter, which occurs in yards with trees and 
shrubs (see PC1Yard Table 3.3), has a positive effect on all three variables. Fine litter and 
decaying material, which is habitat for terrestrial arthropods, only exist in yards that 
have not been cleared with a leaf blower or other method. In addition to arthropods, 
litter attracts other invertebrates, native and exotic (such as worms and slugs), and 
contains seeds, all which are food for many bird species. Significant positive responses 
in richness and diversity to total herbaceous plant cover, native tree, and canopy cover 
in the 30 m buffer (Table 3.4) indicate that the BHCP requirements (Appendix C Table 1) 
for increases in herbaceous plant and tree canopy cover are important to birds. 
However, positive avian response to native trees was the only response to native plant 
variables I detected, indicating that the BHCP’s requirements for native plants may not 
be having a measurable impact on birds, possibly because of the overwhelming limits 
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set by other variables such as impervious surface, human population density, and 
canopy cover in the landscape. 
Moreover, it is also possible that birds may be drawn to non-native plant species 
(Leston and Rodewald 2006) because of the abundant food and nest sites they provide. 
Reproduction in diverse urban systems may be equal to that in similar natural areas 
(Leston and Rodewald 2006). However, nest predation may be increased in exotic urban 
plantings (Rodewald et al.  2010), possibly due to poor branch structure and other 
features needed for safe nest sites (Schmidt and Whelan 1999). A second factor 
impacting this is the variety of landscape plants. In yards (usually PT) with extensive 
amounts of native plants, a common element was abundance of vegetation, but of a 
single dominant species of shrub (such as Oregon Grape) that covered much of the yard 
and created what was essentially a monoculture. Plant diversity and animal diversity are 
expected to be correlated (Tews et al. 2004) and this is likely the case in yards. Direct 
experimentation is required to settle this issue. 
 Correlation analysis produced results that add to and confirm current 
understandings of the underlying causes for variation of avian distributions in cities. 
Abundance, richness and diversity were all negatively associated with PC1150, the 
primary axis describing increasing urbanization in this study. In Gibbs 2018 2 I show non-
yard avian surveys yielded similar results. The positive contribution of vertical 
obstruction in all competitive models for diversity is the only indication I have that birds 
responded to shrub level vegetation. Shrubs are the primary contributor to vertical 
structure in a yard, and as such, they are an easy target to restore yards for wildlife. 
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Shrubs are not the only contributor to vertical structure. Vertical obstruction can be 
viewed as the overall average volume of vegetation in a yard, and volume is strongly 
associated with avian abundance (Mills et al. 1991). It is likely that the combined effect 
of tall herbs and large shrubs in some yards create a more heterogeneous habitat and 
allow higher diversity by providing resources for more species (Tews et al. 2004). In 
addition, diverse urban habitat prevents gregarious (often invasive) species from 
congregating in large numbers (McClure 1989, Croci et al.2008). 
My multivariate analyses showed that the landscape matrix outside of yards was 
the greatest contributor to variation in avian community structure in yards across the 
city. The urbanization gradient (PC1150) was most important, but at least some 
competitive models for abundance, richness and species diversity indicated that all 
three increased as grass and herbaceous plants within 150 m buffer surrounding each 
yard increased. The planted area of yards also explained much of the variation among 
yards in species richness and diversity. Thus, as with as larger natural areas (Gavareski 
1976, Tilghman 1987, Davis and Brittingham 2004), yards with larger planted areas 
contain more species. This is an important finding and methods to create larger 
effective yards, such as the removal of barriers such as fences between yards (or use of 
less restrictive fencing), may create larger patches of habitat that are attractive to many 
ground foraging and nesting species. 
The overriding importance of landscape variables for backyard bird communities 
is clear, but this should not dissuade individuals from restoring their yard as usable 
habitat. Rather, improvement of habitat within yards should be viewed as support for 
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efforts to increase overall size of functional habitat, by grouping restored yards 
together. Through outreach, entire neighborhoods may be targeted for restoration so 
that region-wide programs can grow and elevate the quality of large areas. Focusing on 
neighborhoods near natural areas might be especially important because of the ability 
to expand the effective footprint of these areas through yard restoration (Fernández-
Juricic and Jokimäki 2001). 
 
Individual species responses 
Understanding the basis for variation in total abundance, species richness, and species 
diversity requires ultimately that we examine the responses of the individual species to 
urbanization and yard habitat structure. Here I focus on four species that cover the full 
response range from urban avoiding (Spotted Towhee) through urban tolerant 
(American Crow and Bushtit) to urban preferring (European Starling [Sturnus vulgaris]), 
and life history traits presumably important to their response to urbanization. The 
Spotted Towhee (“towhee”) is a common species in wooded areas in Portland and 
symbolizes the struggle sensitive species face in cities. Towhees are active ground 
foraging and nesting birds. In this study, their responses to both yard and regional 
habitat were directly related to these two critical needs. As nonsocial territorial species, 
towhees, do not rely on conspecifics to alert them to predators, and must instead rely 
on being cryptic and elusive. These same traits, to one degree or another, also 
characterize the other 10 urbanization avoiders. Towhees, like other urbanization 
avoiders, eschewed areas of dense human populations, abundant impervious surface, 
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large lawn areas (150 m and 500 m grass/herb), and yards with heavy mulch layers 
(Tables 3.8, 3.9). Towhee preference for areas of denser canopy cover, both within yards 
(30 m canopy) and at the local (150 m) landscape scale, likely occurred because trees 
are correlated with fine litter (this study), and fine litter is associated with high 
arthropod abundance (Braman et al. 2000). Towhees are thus linked to trees because of 
the foraging and nesting habitat trees create on the ground. While towhees no doubt 
avoid large areas of lawn because they are devoid of appropriate arthropod food 
(McIntyre et al. 2001, Faeth et al. 2011), lawns also expose them to predators of both 
adults and nests. 
 In contrast to the Spotted Towhee is the invasive European Starling (“starling”). I 
found that starlings were most frequently encountered in areas with abundant 
impervious surface and high human population density where grass, both in yards and 
at the 150 m scale, was abundant. Starlings appeared to avoid areas of high tree cover, 
and though starlings utilize trees for nesting and roosting, they forage in open spaces, 
often in large loose flocks that may assist in the early detection of predators (Sridhar et 
al. 2009). Like starlings, the other apparent urbanization preferring species (Table 3.8) 
tend to be gregarious in all seasons (although less so during the breeding season). 
 Eight of the species found in yards did not show strong responses to 
urbanization or structure of the yards themselves. Some of these, e.g. Lesser Goldfinch, 
are adapted to forest edge and unpredictable food sources, making them able to benefit 
from the dispersed islands of habitat in the city. This category of urban tolerant species 
is broad and at first glance they share few characteristics, as the Bushtit and American 
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Crow (“crow”) exemplify. Crows are generally the largest birds in the city, and Bushtits 
nearly the smallest. They are both social, a characteristic of all species in this group 
except Anna’s Hummingbird (Calypte anna) and Brown Creepers (Certhia americana). 
Both crows and Bushtits utilize anthropogenic sources of food such as feeders, while 
crows can also feed from numerous other sources. Crows, Mourning Doves, and 
sometimes House Finches are ground foraging species. My concern that small sample 
size (few encounters) led to insufficient data to classify urban tolerant species as either 
avoiding or preferring appears unlikely, but further research may be needed for some 
species to better understand their habitat associations in the city (e.g. Brown Creeper). 
Understanding the individual species responses, and the life histories behind them, are 
both critical resources in the habitat restoration process and should always be 
considered. The decision to plant or remove a tree or place a feeder may or may not 
affect avian species diversity in a yard, but it will undoubtedly change the species that 
are present in a yard. Of further note is the absence of any migratory species among the 
23 found in yards in this study. While migrant species are present in large natural areas 
in Portland (Hennings and Edge 2003), yards do not appear capable of providing the 
resources required by these species. 
 I close with my opinion and evaluation of the BHCP, and some data driven advice 
for small-scale urban habitat restoration. The BHCP is successful in some ways at 
administration of careful habitat assessment, and even application of vegetation 
standards (Gibbs 2018 1). There is evidence in this study that the standards as written, 
especially requirements for increases in trees, reduction of lawn, and increases in 
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vegetation complexity can have positive effects on avian diversity and can be used to 
encourage or discourage target species. It is also likely that birds respond strongly to 
regional landscape variables that, despite the best of efforts by individual landowners, 
likely have more influence on the species present in yards than the habitat features of 
the yard itself. The need for larger regions of high density resources (such as parks 
maintained as natural areas) for some species will limit the apparent value of a high-
quality yard in a low-quality region, and thusly shows a need for coordinated efforts to 
improve large numbers of yards as a group in low-quality areas. Beyond lack of natural 
resources, I believe there are several behaviors humans use in yards that directly impact 
the vegetation and the arthropod community that indirectly limit many avian species. 
Mulching, mowing, leaf blowing, and fastidious pruning of plants have sterilizing effects 
on yards. These behaviors amount to nearly constant disturbance, removing and 
destroying fine litter and arthropods. Fine litter is positively associated with the most 
sensitive species in this study and negatively associated with the most urban preferring. 
Any place we can increase the volume of vegetation will increase avian abundance, 
richness and diversity, and will move backyard avian communities away from invasive 
and urban preferring species to the more native dominated assemblages sought by 
most landowners. However, to reach a truly natural situation in a city may be 
impossible, as it would require ending human disturbance of the landscape. 
  
130 
 
Chapter 3 Figures and Tables 
Figure 3.1: Study area for sampling of birds, and habitat variables from random locations 
(green circles) and yards (blue circles). The orange line and pink region indicate the 
study area. Portland, OR is outlined by a thick black line and is bordered by Vancouver 
WA, Gresham OR, Lake Oswego OR, Tigard OR, and Beaverton OR (clockwise from the 
north). The Willamette River divides Portland into east and west halves, while Burnside 
Street separates north from south Portland. A northwest turn in the Willamette River 
separates Northwest Portland (NW) from North Portland (NP). Green lines below follow 
these landmarks and divide the indicated regions NW, NP, Northeast Portland (NE), 
Southeast Portland (SE), and Southwest Portland (SW). 
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Figure 3.2: Least square means of 18 variables in 46 Not Certified, 33 Silver, 55 Gold, 
and 13 Platinum yards in the Audubon Society of Portland’s Backyard Habitat 
Certification Program. 
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Table 3.1. ANOVA of means for total avian abundance, species richness, and species 
diversity among Not-certified (NC), Silver (SV), Gold (GD), and Platinum (PT) yards. 
SV, GD, and PT yards are certified as wildlife habitat by the Audubon Society of 
Portland (ASP) Backyard Habitat Certification Program (BHCP) ANOVA was 
conducted with (F [P] 1) and without (F [P] 2) the NC yards. Numbers in parenthesis 
after the symbol for each certification level or NC yards indicate the number of 
yards sampled at each level. Each mean is followed by the standard deviation. 
 NC (46) SV (33) GD (54) PT (13) F (P)1 F (P)2 
Abundanc
e 
5.48 (3.40) 
4.27 
(2.89) 
5.36 (3.44) 
6.00 
(3.70) 
1.26 
(0.29) 
1.68 
(0.19) 
Richness 2.08 (0.98) 
1.73 
(0.97) 
1.99 (0.92) 
2.29 
(0.83) 
1.38 
(0.25) 
1.85 
(0.16) 
Diversity 1.69 (0.50) 
1.57 
(0.49) 
1.74 (0.49) 
1.94 
(0.34) 
2.26 
(0.084) 
3.48 
(0.035) 
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Table 3.2. Summary values for landscape variables measured within a circle of 
radius 150 m or 500 m that surrounded 146 yards in Portland, Oregon. Cells for 
each variable contain the mean, maximum, minimum, and standard deviation for 
the 150 m first,  and 500 m circles second. Correlation coefficients (r) and alpha (p) 
between 150 m and 500 m values of each variable at the two distances are given in 
the final 2 columns. 
Variable Mean Max Min SD r p 
Canopy cover 35.7, 34.8 74.9, 73.8 13.3, 14.2 14.6, 14.6 0.886 <0.001 
Population 
density 
24.5, 23.0 58.9, 41.8 5.5, 5.0 9.8, 8.5 0.816 <0.001 
Impervious 
Surface 
41.2, 42.5 67.7, 64.7 15.3, 17.5 11.7, 11.3 0.828 <0.001 
Soil or Bare 0.03, 0.07 2.5, 1.2 0, 0 0.23, 0.15 0.133 0.11 
Grass/ 
herbaceous 
24.3, 23.6 43.4, 39.5 8.4, 4.6 6.5, 6.0 0.723 <0.001 
Water 0.025, 0.19 1.3, 8.5 0, 0 0.15, 0.92 0.063 0.45 
Total Green 58.7, 57.2 84.7, 82.5 32.3, 35.0 11.7, 11.4 0.825 <0.001 
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Table 3.3. Results of the principal component analysis of habitat cover and human population 
density in the 150 m (above) and 500 m (middle) diameter circles surrounding each of 146 yards in 
Portland, Oregon, and PCA of yard variables (bottom). Cell entries are factor loadings for 
eigenvectors, along with eigenvalues and proportion of the variance explained by each eigenvector, 
and the cumulative total variation explained.  
Eigenvectors (150) 
Variables PC1 PC2 PC3 PC4 
Canopy cover -0.564 -0.075 -0.106 ---- 
Population density 0.509 -0.174 0.072 ---- 
Impervious Surface 0.540 -0.177 0.059 ---- 
Soil or Bare 0.070 0.691 -0.574 ---- 
Grass/herbaceous 0.305 0.545 0.181 ---- 
Water -0.183 0.398 0.786 ---- 
Eigenvalue 2.914 1.126 0.949 ---- 
Variation (%) 48.6 18.8 15.8 ---- 
Cumulative variation (%) 48.6 67.3 83.2 ---- 
Eigenvectors (500) 
Canopy cover -0.561 -0.020 0.097 ---- 
Population density 0.499 -0.244 -0.120 ---- 
Impervious Surface 0.521 -0.027 -0.272 ---- 
Soil or Bare 0.147 0.650 0.566 ---- 
Grass/herbaceous 0.377 0.016 0.505 ---- 
Water 0.032 0.718 -0.571 ---- 
Eigenvalue 3.014 1.169 0.940 ---- 
Variation (%) 50.2 19.5 15.7 ---- 
Cumulative variation (%) 50.2 69.7 85.4 ---- 
Eigenvectors (Yard) 
Fine Litter 0.603 0.231 -0.211 0.055 
Lawn -0.526 0.055 -0.519 0.112 
Mulch 0.190 -0.678 0.088 -0.259 
Herb Total 0.010 0.275 0.501 -0.592 
Shrub Total 0.312 -0.236 0.265 0.644 
Tree Total 0.426 0.418 -0.346 -0.096 
Bare -0.211 0.422 0.488 0.379 
Eigenvalue 1.838 1.506 1.221 1.081 
Variation (%) 26.3 21.5 17.5 15.5 
Cumulative variation (%) 26.3 47.8 65.2 80.7 
  
135 
 
Table 3.4. Correlation coefficients (r) and alpha (P) in parenthesis for total avian 
abundance (mean number of birds per survey), species richness (mean number of 
species per survey), and species diversity (Shannon-Weiner Index) when compared 
to habitat variables. Shown here are variables or PCA eigenvectors that showed 
significant variation correlation with any response variable.  Non-significant = ns. 
Variables Abundance Richness Diversity 
Herb Total 0.104 (0.209) ns 0.215 (0.009) 0.232 (0.005) 
Tree Total 0.108 (0.192) ns 0.194 (0.019) 0.145 (0.08) ns 
Native Tree 0.12 (0.15) ns 0.258 (0.002) 0.249 (0.002) 
Bare 0.097 (0.241) ns 0.114 (0.168) ns 0.163 (0.048) 
Stone 
-0.013 (0.876) 
ns 
-0.121 (0.144) 
ns -0.211 (0.010) 
Fine Litter 0.163 (0.049) 0.215 (0.009) 0.202 (0.014) 
Mulch -0.205 (0.013) -0.266 (0.001) -0.233 (0.004) 
Planted area 0.287 (<.001) 0.542 (<.001) 0.491 (<.001) 
PC2Yard 0.280 (<.001) 0.351 <.001) 0.338 (<.001) 
Canopy 30 m 0.075 (0.37) ns 0.389 (<.001) 0.329 (<.001) 
150 m Canopy 0.274 (<.001) 0.589 (<.001) 0.547 (<.001) 
150 m Population -0.300 (<.001) -0.659 (<.001) -0.687 (<.001) 
150 m Impervious -0.342 (<.001) -0.624 (<.001) -0.585 (<.001) 
150 m Grass/Herb 0.02 (0.814) ns -0.215 (0.009) -0.194 (0.018) 
150 m Water 0.077 (0.354) ns 0.190 (0.021) .064 (.443) ns 
150 m Total green 0.343 (<.001) 0.624 (<.001) 0.586 (<.001) 
PC1 150 m -0.295 (<.001) -0.649 (<.001) -0.613 (<.001) 
500 m Canopy 0.417 (<.001) 0.537 (<.001) 0.523 (<.001) 
500 m Population -0.404 (<.001) -0.551 (<.001) -0.524 (<.001) 
500 m Impervious -0.439 (<.001) -0.553 (<.001) -0.535 (<.001) 
500 m Grass/Herb -0.140 (.093) ns -0.254 (0.002) -0.262 (0.001) 
500 m Woody Wetlands 0.174 (0.036) 0.250 (0.002) .026 (.755) ns 
500 m Total green 0.439 (<.001) 0.546 (<.001) 0.530 (<.001) 
PC1 500 m -0.417 (<.001) -0.562 (<.001) -0.544 (<.001) 
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Table 3.5. Models underlying variation in total avian abundance (birds per survey) 
in yards from Portland, OR, measured in the summers of 2014 and 2015 in relation 
to landscape and yard habitat variables. Predictor variables in models are listed in 
order of effect from strongest to weakest. Results describing non-competitive 
models ( ΔAICc > 2.000) were not included (with one exception). 
Mod
el 
Variables ΔAICc R2 
1 
PC1150 m (-),  150 m Grass and Herbaceous (+), Herbaceous 
yard (+), Exotic shrub (+) 0.000 
0.31
0 
2 
PC1150 m (-), 150 m Grass and Herbaceous (+), Herbaceous 
yard (+) 0.083 
0.29
9 
3 
PC1150 m (-), 150 m Grass and Herbaceous (+), Mulch (-) 2.022 
0.29
0 
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 Table 3.6. Models for species richness (species per survey) ranked by AICc. Variables 
are listed in order of effect from strongest to weakest. 
Model Variables ΔAICc R2 
1 PC1 150 m (-), 150 m Grass and Herbaceous (+), Mulch (-), 
Planted area (+)  0.000 0.491 
2 PC1 150 m (-), Vertical Obstruction (+), Mulch (-), Planted 
area (+)  0.012 0.491 
3 
PC1150 m (-), Mulch (-), Planted area (+) 0.997 0.480 
4 PC1150 m (-), 150 m Grass and Herbaceous (+), Planted 
area (+) 1.148 0.479 
5 
PC1 150 m (-), Vertical Obstruction (+), Planted area (+) 1.737 0.477 
6 
PC1150 m (-), Planted area (+) 2.27 0.468 
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Table 3.7. Models for species diversity (Shannon-Weiner index) ranked by AICc. 
Variables are listed in order of effect from strongest to weakest. 
Model Variables ΔAICc R2 
1 PC1 150 m (-), Vertical Obstruction (+), Mulch (-), 
Planted area (+) 0.000 
 
0.455 
2 PC1150 m (-), Water 150 m (-), Vertical 
Obstruction (+), Planted area (+) 0.234 
 
0.454 
3 PC1 150 m (-), PC2 Yards (+), Vertical Obstruction 
(+), Planted area (+) 0.561 
 
0.453 
4 PC1 150 m (-), 150 m Grass and Herbaceous (+), 
Vertical Obstruction (+), Planted area (+) 0.945 
 
0.452 
5 PC1 150 m (-), Vertical Obstruction (+), Planted 
area (+) 1.288 
 
0.442 
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Table 3.8. Correlation coefficients (r) and alpha (P) for 9 variables or principal components (PC) for 
which 7 or more species showed a significant (p < 0.05) correlation. Species are sorted by their 
response to 150 m Impervious surface (see text). Variables are listed left to right with variables 
having the greatest number of significant responses, to the fewest. Negative responses are 
highlighted with blue, positive with green. This is continued in table 3.9 with variables for which 6 
or fewer species responded. “Type” refers to apparent relationship to urban environments, with UA 
= urban avoider, UT = urban tolerant, and UP = urban preferring. 
Sp
ecie
s 
Typ
e
 
1
5
0
 m
 
Im
p
ervio
u
s 
1
5
0
 m
 P
o
p
u
-
latio
n
 
1
5
0
 m
 C
an
o
p
y 
Yard
 P
lan
ted
 
A
rea 
3
0
 m
 C
an
o
p
y 
P
C
2
 Yard
 
N
ative Tree
 
1
5
0
 m
 
G
rass/H
erb
 
5
0
0
 m
 
G
rass/H
erb
 
P
ip
ilo
 
m
a
cu
la
tu
s 
(Sp
o
tted
 
To
w
h
e
e) 
U
A
 
-0
.5
9
3
 
(<.0
0
1
) 
-0
.5
9
 
(<.0
0
1
) 
0
.6
0
9
 
(<.0
0
1
) 
0
.5
7
1
 
(<.0
0
1
) 
0
.4
1
6
 
(<.0
0
1
) 
0
.3
1
8
 
(<.0
0
1
) 
0
.2
9
3
 
(0
.0
0
3
) 
-0
.2
9
3
 
(0
.0
0
4
) 
-0
.3
2
3
 
(<.0
0
1
) 
Tu
rd
u
s 
m
ig
ra
to
riu
s 
(A
m
erican
 
R
o
b
in
) 
U
A
 
-0
.5
2
4
 
(<.0
0
1
) 
-0
.5
0
2
 
(<.0
0
1
) 
0
.4
9
3
 
(<.0
0
1
) 
0
.4
4
3
 
(<.0
0
1
) 
0
.3
7
1
 
(<.0
0
1
) 
0
.2
9
3
 
(0
.0
0
3
) 
0
.2
9
0
 
(0
.0
0
4
) 
-0
.2
3
2
 
(0
.0
0
4
) 
-0
.3
2
8
 
(<.0
0
1
) 
Sitta
 
ca
n
a
d
en
sis 
(R
ed
-
b
reasted
 
N
u
th
atch
) 
U
A
 
-0
.5
1
4
 
(<.0
0
1
) 
-0
.4
7
7
 
(<.0
0
1
) 
0
.5
3
5
 
(<.0
0
1
) 
0
.3
5
0
 
(<.0
0
1
) 
0
.4
1
4
 
(<.0
0
1
) 
0
.2
1
7
 
(0
.0
0
1
) 
0
.3
7
3
 
(<.0
0
1
) 
-0
.2
6
0
 
(0
.0
0
1
) 
-0
.2
8
0
 
(0
.0
0
6
) 
M
elo
sp
iza
 
m
elo
d
ia
 
(So
n
g 
Sp
arro
w
) 
U
A
 
-0
.5
0
7
 
(<.0
0
1
) 
-0
.4
6
8
 
(<.0
0
1
) 
0
.4
1
2
 
(<.0
0
1
) 
0
.3
6
7
 
(<.0
0
1
) 
0
.3
2
1
 
(<.0
0
1
) 
0
.2
2
7
 
(0
.0
0
6
) 
0
.1
3
0
 
(0
.1
1
5
) 
-0
.0
1
3
 
(0
.8
7
5
) 
-0
.0
9
9
 
(0
.2
2
9
) 
Ju
n
co
 
h
yem
a
lis 
o
reg
a
n
u
s 
(O
rego
n
 
Ju
n
co
) 
U
A
 
-0
.4
7
7
 
(<.0
0
1
) 
-0
.4
5
5
 
(<.0
0
1
) 
0
.5
3
1
 
(<.0
0
1
) 
0
.3
6
8
 
(<.0
0
1
) 
0
.2
0
6
 
(0
.0
1
2
) 
0
.2
1
6
 
(0
.0
0
9
) 
0
.2
6
6
 
(0
.0
0
1
) 
-0
.2
8
5
 
(0
.0
0
4
) 
-0
.2
7
1
 
(0
.0
0
9
) 
P
o
ecile 
a
trica
p
illu
s 
(B
lack-
cap
p
ed
 
C
h
ickad
ee) 
U
A
 
-0
.4
2
8
 
(<.0
0
1
) 
-0
.3
9
1
 
(<.0
0
1
) 
0
.4
3
3
 
(<.0
0
1
) 
0
.3
5
7
 
(<.0
0
1
) 
0
.2
9
3
 
(<.0
0
1
) 
0
.2
2
6
 
(0
.0
0
6
) 
0
.2
7
1
 
(0
.0
0
9
) 
-0
.2
1
1
 
(0
.0
1
0
) 
-0
.2
0
5
 
(0
.0
1
2
) 
140 
 
C
ya
n
o
citta
 
stelleri 
(Steller's 
Jay) 
U
A
 
-0
.3
7
9
 
(<.0
0
1
) 
-0
.2
9
6
 
(0
.0
0
3
) 
0
.3
5
1
 
(<.0
0
1
) 
0
.2
5
4
 
(0
.0
0
1
) 
0
.2
4
1
 
(0
.0
0
3
) 
0
.2
4
3
 
(0
.0
0
3
) 
0
.1
4
9
 
(0
.0
7
1
) 
-0
.1
1
9
 
(0
.1
4
8
) 
-0
.2
7
7
 
(0
.0
0
7
) 
P
o
ecile 
ru
fescen
s 
(C
h
e
stn
u
t-
b
acked
 
C
h
ickad
ee) 
U
A
 
-0
.3
6
5
 
(<.0
0
1
) 
-0
.3
3
7
 
(<.0
0
1
) 
0
.4
2
3
 
(<.0
0
1
) 
0
.3
9
0
 
(<.0
0
1
) 
0
.2
9
1
 
(0
.0
0
3
) 
0
.2
3
1
 
(0
.0
0
5
) 
0
.3
5
4
 
(<.0
0
1
) 
-0
.2
8
6
 
(0
.0
0
4
) 
-0
.2
1
1
 
(0
.0
1
) 
Sp
in
u
s 
p
sa
ltria
 
(Lesser 
G
o
ld
fin
ch
) 
U
A
 
-0
.2
5
0
 
(0
.0
0
2
) 
-0
.2
4
2
 
(0
.0
0
3
) 
0
.2
4
8
 
(0
.0
0
2
) 
0
.0
7
4
 
(0
.3
6
9
) 
0
.1
9
1
 
(0
.0
2
0
) 
0
.2
3
5
 
(0
.0
0
4
) 
-0
.0
4
7
 
(0
.5
6
8
) 
-0
.0
7
0
 
(0
.3
9
8
) 
-0
.0
8
7
 
(0
.2
9
0
) 
Th
ryo
m
a
n
es b
ew
ickii 
(B
e
w
ick's 
W
ren
) 
U
A
 
-0
.1
8
3
 
(0
.0
2
5
) 
-0
.1
8
3
 
(0
.0
2
6
) 
0
.1
5
3
 
(0
.0
6
3
) 
0
.4
0
5
 
(<.0
0
1
) 
0
.0
6
6
 
(0
.4
2
4
) 
0
.2
0
7
 
(0
.0
1
2
) 
0
.2
4
7
 
(0
.0
0
2
) 
-0
.0
5
7
 
(0
.4
9
1
) 
-0
.0
2
8
 
(0
.7
3
5
) 
C
o
la
p
tes 
a
u
ra
tu
s 
(N
o
rth
ern
 
Flicker) 
U
A
 
-0
.1
7
3
 
(0
.0
3
5
) 
-0
.1
6
2
 
(0
.0
4
9
) 
0
.0
9
7
 
(0
.2
4
0
) 
0
.2
4
2
 
(0
.0
0
3
) 
0
.0
1
3
 
(0
.8
6
9
) 
0
.1
7
8
 
(0
.0
3
1
) 
0
.0
5
9
 
(0
.4
7
0
) 
0
.0
6
6
 
(0
.4
2
1
) 
-0
.0
0
2
 
(0
.9
7
4
) 
C
a
lyp
te 
a
n
n
a
 
(A
n
n
a's 
H
u
m
m
in
gb
ird
) 
U
T 
-0
.1
5
1
 
(0
.0
6
7
) 
-0
.2
1
2
 
(0
.0
0
9
) 
0
.1
3
4
 
(0
.1
0
3
) 
0
.0
9
8
 
(0
.2
3
3
) 
0
.0
8
5
 
(0
.3
0
1
) 
0
.0
9
4
 
(0
.2
5
7
) 
0
.0
2
7
 
(0
.7
3
9
) 
-0
.0
7
3
 
(0
.3
7
4
) 
-0
.0
7
8
 
(0
.3
4
3
) 
H
a
em
o
rh
o
u
s 
m
exica
n
u
s 
(H
o
u
se 
Fin
ch
) 
U
T 
-0
.1
1
9
 
(0
.1
5
1
) 
-0
.0
8
4
 
(0
.3
0
6
) 
0
.1
5
0
 
(0
.0
6
9
) 
0
.0
4
7
 
(0
.5
6
8
) 
0
.0
5
5
 
(0
.5
0
7
) 
0
.0
1
1
 
(0
.9
0
0
) 
-0
.0
5
6
 
(0
.5
0
0
) 
-0
.0
8
4
 
(0
.3
0
7
) 
-0
.0
2
5
 
(0
.7
5
6
) 
Zen
a
id
a
 
m
a
cro
u
ra
 
(M
o
u
rn
in
g 
D
o
ve) 
U
T 
-0
.0
8
9
 
(0
.2
8
0
) 
-0
.0
4
0
 
(0
.6
2
5
) 
0
.1
1
0
 
(0
.1
8
1
) 
0
.1
7
2
 
(0
.0
3
6
) 
-0
.0
5
1
 
(0
.5
3
8
) 
0
.0
8
0
 
(0
.3
3
8
) 
0
.0
2
2
 
(0
.7
8
4
) 
-0
.0
5
3
 
(0
.5
2
2
) 
0
.0
1
5
 
(0
.8
5
1
) 
C
erth
ia
 
a
m
erica
n
a
 
(B
ro
w
n
 
C
reep
er) 
U
T 
-0
.0
8
3
 
(0
.3
1
2
) 
-0
.0
0
3
 
(0
.9
6
9
) 
0
.0
5
1
 
(0
.5
3
8
) 
0
.0
2
6
 
(0
.7
5
4
) 
0
.1
3
0
 
(0
.1
1
5
) 
0
.1
0
6
 
(0
.2
0
0
) 
0
.0
9
4
 
(0
.2
5
6
) 
-0
.1
3
2
 
(0
.1
0
9
) 
-0
.0
7
7
 
(0
.3
5
2
) 
P
sa
ltrip
a
ru
s m
in
im
u
s 
(B
u
sh
tit) 
U
T 
-0
.0
2
3
 
(0
.7
7
8
) 
-0
.0
6
5
 
(0
.4
3
3
) 
-0
.0
1
4
 
(0
.8
5
8
) 
0
.1
5
7
 
(0
.0
5
6
) 
0
.0
2
7
 
(0
.7
4
3
) 
0
.0
4
7
 
(0
.5
7
4
) 
0
.0
0
6
 
(0
.9
3
8
) 
0
.0
5
0
 
(0
.5
4
4
) 
0
.0
5
0
 
(0
.5
4
6
) 
Sp
in
u
s 
tristis 
(A
m
erican
 
G
o
ld
fin
ch
) 
U
T 
0
.0
0
2
 
(0
.9
7
8
) 
-0
.0
2
6
 
(0
.7
5
0
) 
-0
.0
6
2
 
(0
.4
4
9
) 
-0
.0
1
7
 
(0
.8
3
7
) 
-0
.0
5
1
 
(0
.5
3
4
) 
0
.0
4
4
 
(0
.5
9
7
) 
-0
.0
8
0
 
(0
.3
3
1
) 
0
.1
1
2
 
(0
.1
7
4
) 
0
.1
0
6
 
(0
.1
9
8
) 
141 
 
B
o
m
b
ycilla
 
ced
ro
ru
m
 
(C
ed
ar 
W
axw
in
g) 
U
T 
0
.0
2
3
 
(0
.7
7
6
) 
-0
.0
0
4
 
(0
.9
6
1
) 
-0
.0
5
1
 
(0
.5
3
3
) 
-0
.0
8
0
 
(0
.3
3
5
) 
-0
.1
0
1
 
(0
.2
2
2
) 
0
.0
2
5
 
(0
.7
6
3
) 
-0
.1
0
7
 
(0
.1
9
4
) 
0
.1
1
9
 
(0
.1
4
8
) 
0
.1
3
7
 
(0
.0
9
6
) 
C
o
rvu
s 
b
ra
ch
yrh
y
n
ch
o
s 
(A
m
erican
 
C
ro
w
) 
U
T 
0
.0
3
1
 
(0
.7
0
2
) 
-0
.0
5
2
 
(0
.5
3
1
) 
-0
.1
0
1
 
(0
.2
1
9
) 
0
.0
6
6
 
(0
.4
2
2
) 
-0
.0
6
3
 
(0
.4
4
7
) 
-0
.0
0
9
 
(0
.9
1
8
) 
0
.0
2
5
 
(0
.7
5
9
) 
0
.0
7
1
 
(0
.3
8
8
) 
0
.1
1
7
 
(0
.1
5
8
) 
A
p
h
elo
co
m
a
 
ca
lifo
rn
ica
 
(W
estern
 
Scru
b
-Jay) 
U
P
 
0
.1
1
8
 
(0
.1
5
3
) 
0
.0
2
8
 
(0
.7
2
9
) 
-0
.1
9
0
 
(0
.0
2
0
) 
0
.0
3
6
 
(0
.6
5
6
) 
-0
.2
0
3
 
(0
.0
1
3
) 
-0
.0
8
6
 
(0
.3
0
1
) 
-0
.1
5
4
 
(0
.0
6
2
) 
0
.2
6
7
 
(0
.0
0
1
) 
0
.1
4
3
 
(0
.0
8
3
) 
C
o
lu
m
b
a
 
livia
 
(R
o
ck 
P
igeo
n
) 
U
P
 
0
.1
9
2
 
(0
.0
1
9
) 
0
.0
9
7
 
(0
.2
4
1
) 
-0
.1
5
7
 
(0
.0
5
6
) 
-0
.1
2
0
 
(0
.1
4
7
) 
-0
.1
3
9
 
(0
.0
9
2
) 
-0
.1
3
2
 
(0
.1
1
2
) 
-0
.1
5
1
 
(0
.0
6
6
) 
0
.0
2
9
 
(0
.7
2
1
) 
0
.0
6
7
 
(0
.4
1
7
) 
P
a
sser 
d
o
m
esticu
s 
(H
o
u
se 
Sp
arro
w
) 
U
P
 
0
.2
8
1
 
(0
.0
0
5
) 
0
.2
4
3
 
(0
.0
0
2
) 
-0
.3
5
4
 
(<.0
0
1
) 
-0
.1
7
1
 
(0
.0
3
8
) 
-0
.2
9
6
 
(0
.0
0
3
) 
-0
.1
9
3
 
(0
.0
1
9
) 
-0
.2
3
1
 
(0
.0
0
4
) 
0
.3
3
2
 
(<.0
0
1
) 
0
.3
0
9
 
(0
.0
0
1
) 
Eu
ro
p
ea
n
 
Sta
rlin
g
 
(Stu
rn
u
s 
vu
lgaris) 
U
P
 
0
.2
8
7
 
(0
.0
0
4
) 
0
.2
3
4
 
(0
.0
0
4
) 
-0
.3
3
1
 
(<.0
0
1
) 
-0
.1
7
2
 
(0
.0
3
7
) 
-0
.3
1
2
 
(0
.0
0
1
) 
-0
.1
3
0
 
(0
.1
1
8
) 
-0
.2
2
9
 
(0
.0
0
5
) 
0
.2
2
4
 
(0
.0
0
6
) 
0
.1
5
2
 
(0
.0
6
6
) 
  
142 
 
Table 3.9. Correlation coefficients (r) and alpha (P) for 10 variables or principle components (PC) for 
which 6 or fewer species showed a significant (p < 0.05) correlation. Species are sorted by their 
response to 150 m Impervious surface (see text) in Table 3.8, which is continued here. Variables are 
listed left to right with variables having the greatest number of significant responses, to the fewest. 
Negative responses are highlighted with blue, positive with green. 
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Appendix A 
 
Chapter 1 Appendix Tables and Figures 
 
Appendix A Table 1 Addresses of 73 random locations used in this study. 
Location IDs are unique identifiers used for tracking data. Region is of 
Portland Oregon, there are 5, N, NE, SE, SW. 
Location 
ID Site Address Region 
203 8137 Southeast 86th Avenue Portland OR 97266 SE 
204 
9242 Northeast Hancock Drive Portland OR 
97220 NE 
205 4867 North Basin Avenue Portland OR 97217 N 
207 3719 Southwest Hillside Drive Portland OR 97221 SE 
208 
2182 Southeast Hanna Harvester Drive Milwaukie 
OR 97222 SE 
209 1000 NW 53rd Drive Portland OR 97210 NW 
210 339 Northwest 12th Avenue Portland OR 97209 NW 
211 403 SE 136th Ave Portland OR 97233 SE 
212 12031 North Burgard Road Portland OR 97203 N 
213 1798 NE 56th Ave Portland OR 97213 NE 
214 
17000 Northeast Marine Drive Portland OR 
97230 NE 
215 9878 North Whitaker Road Portland OR 97217 N 
216 4956 Bilford LN Lake Oswego OR 97035 SW 
217 16834 Southeast Foster Road Gresham OR 97080 SE 
218 6325 NE 34th Ave Portland OR 97211 NE 
219 611 SW Nevada Street Portland OR 97219 SW 
220 1651 SW Birdsdale Ct Gresham OR 97080 SW 
222 5073 NE 138th Ave Portland OR 97230 NE 
223  2114 SW Marigold St Portland OR 97219 SW 
224 3272 Northeast 148th Avenue Portland OR 97230 NE 
225 6317 NE Emerson St Portland OR 97218 NE 
226 19 Monticello Drive Lake Oswego OR 97035 SW 
227 2735 SE 166th Ave Portland OR 97236 SE 
228 8353 SE Aspen Summit Drive Portland OR 97266 SE 
229 8869 SW Spruce St Tigard OR 97223 SW 
230 1126 Southeast 73rd Avenue Portland OR 97215 SE 
231 16396 NE Cameron Blvd Portland OR 97230 NE 
233 3088 SW Fairmont Blvd Portland OR 97239 SW 
234 808 SE 209th Ave. Gresham OR 97030 SE 
236 3 Bernini Court Lake Oswego OR 97035 SW 
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237 
16440 Northeast Mason Street Portland OR 
97230 NE 
239 217 Northeast 63rd Avenue Portland OR 97213 NE 
240 6433 Southeast 100th Avenue Portland OR 97266 SE 
241 6851 Southeast 115th Avenue Portland OR 97266 SE 
242 2608 North Winchell Street Portland OR 97217 N 
243 7958 Southeast 141st Avenue Portland OR 97236 SE 
244 2911 NE 72nd Ave Portland OR 97213 NE 
245 4292 Southwest 52nd Avenue Portland OR 97221 SW 
246 3536 SE Harvey Milwaukie OR 97222 SE 
248 4530 Northeast Mason Street Portland OR 97218 NE 
249 5560 North Columbia Court Portland OR 97203 N 
250 1603 Northwest 14th Avenue Portland OR 97209 NW 
251 3105 N Marine Dr Portland OR 97217 N 
252 11318 Southwest 72nd Avenue Tigard OR 97223 SW 
253 8833 Southeast 9th Avenue Portland OR 97202 SE 
254 
4557 Southeast Rhodesa Street Milwaukie OR 
97222 SE 
255 3006 Southeast 16th Street Gresham OR 97080 SE 
256 5800 NE Portland Hwy Portland OR 97218 NE 
257 5479 Southeast 47th Avenue Portland Or 97206 SE 
258 
7736 Southeast Sunnyside Drive Portland OR 
97222 SE 
259 9617 North Smith Street Portland OR 97203 N 
261 6015 Northeast 80th Avenue Portland OR 97218 NE 
263 6822 Southeast Henry Street Portland OR 97206 SE 
264 11342 Northeast Marx Place Portland OR 97220 NE 
265 
8189 Northeast Air Cargo Road Portland OR 
97218 NE 
266 
2093 Southwest Mount Hood Lane Portland OR 
97239 SW 
267 6403 SE Dunbar Drive Portland OR 97236 SE 
268 54 Centerpointe Drive Lake Oswego OR 97035 SW 
269 
9318 North Charleston Avenue Portland OR 
97203 N 
270 
2741 Northwest Beuhla Vista Terrace Portland 
OR 97210 NW 
272 6335 Northeast 66th Avenue Portland OR 97218 NE 
273 1825 North Emerson Street Portland OR 97217 N 
274 
4609 Northeast Ainsworth Street Portland OR 
97218 NE 
276 8131 North Olympia Street Portland OR 97203 N 
277 5433 North Channel Avenue Portland OR 97217 N 
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278 
2621 Northeast Hamblet Street Portland OR 
97212 NE 
279 1734 North Colfax Street Portland OR 97217 N 
280 
709 Northeast Roselawn Street Portland OR 
97211 NE 
281 5233 North Yale Street Portland OR 97203 N 
282 10108 North Macrum Avenue Portland OR 97203 N 
285 2718 Northeast 10th Avenue Portland OR 97212 NE 
287 1085 NE 52nd Ave Portland OR 97213 NE 
288 8111 N Crawford St Portland OR 97203 N 
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Appendix B Table 1: Audubon Society or Portland (ASP) Backyard Habitat Certification Program 
(BHCP) vegetation, pesticide, and stewardship requirements for three certification levels Silver, 
Gold, and Platinum. Compliance is verified with initial site inspections, as well as further inspections 
every three years for continued certification of program compliance. These criteria were copied 
from the PAS website in 2016, and are publically available. 
Invasive Weeds (Prohibited) 
Silver Gold Platinum 
Evergreen and Armenian Blackberry 
(Rubus laciniatus and Rubus 
armeniacus) 
Butterfly Bush (Buddleia 
davidii – all varieties) 
Creeping Jenny 
(Lysimachia nummularia) 
Garlic Mustard (Alliaria petiolata) 
False Brome (Brachypodium 
sylvaticum) 
English and Portuguese 
Laurel (Prunus spp.) 
Giant Hogweed (Heracleum 
mantegazzianum) 
Hedge Bindweed (Calystegia 
sepium) Fennel (Foeniculum spp.) 
Ivy (all cultivars, Hedra spp.) Italian Arum (Arum italicum) 
Large and Small-leaf 
Periwinkle (Vinca spp.) 
Knotweed (Polygonum spp.) 
Japanese Butterbur (Petasites 
japonica) 
Reed Canarygrass and 
Ribbon Grass (Phalaris 
arundinacea) 
Orange Hawkweed (Hieracium 
aurantiacum) 
Lesser Celandine (Ranunculus 
ficaria)   
Pokeweed (Phytolacca americana) 
Pampas and Jubata Grass 
(Cortaderia ssp.)   
Policeman’s Helmet (Impatiens 
glandulifera) 
Robert Geranium (Geranium 
robertianum)   
Purple Loosestrife (Lythrum salicaria) 
Shining Geranium (Geranium 
lucidum)   
Scot’s Broom (Cytisus scoparius)    
Spotted, Meadow and Diffuse 
Knapweeds (Centaurea spp.) 
Invasive Trees – 
under 20ft 
Invasive Trees – 
over 20ft 
Spurge Laurel (Daphne laureola) 
Black Locust (Robinia 
pseudoacacia) 
Black Locust (Robinia 
pseudoacacia) 
Traveler’s Joy (Clematis vitalba) 
English Hawthorn (Crataegus 
monogyna) 
English Hawthorn 
(Crataegus monogyna) 
Yellow Archangel (Lamiastrum 
galeoblodon) English Holly (Ilex aquifolium) 
English Holly (Ilex 
aquifolium) 
Yellow Flag Iris (Iris pseudacorus) 
Norway Maple (Acer 
platanoides) 
Norway Maple (Acer 
platanoides) 
  
Tree-of-Heaven (Ailanthus 
altissima) 
Tree-of-Heaven (Ailanthus 
altissima) 
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Vegetation and Pesticides 
Vegetation Pesticides 
Silver Silver 
Naturescape at least 5% of available property 
with locally native plants* 
Use only YELLOW or GREEN zone chemicals if 
necessary, according to an IPM strategy 
Include at least 3 out of 5 vegetation levels No use of RED zone chemicals 
  
Gold Gold 
Naturescape at least 15% of available property 
with locally native plants* 
Use only GREEN zone chemicals if necessary, 
according to an IPM strategy 
Include at least 4 out of 5 vegetation levels No use of RED or YELLOW zone chemicals 
  
Platinum Platinum 
Naturescape at least 50% of available property 
with locally native plants* 
Use only GREEN zone chemicals if necessary, 
according to an IPM strategy 
Include all 5 vegetation levels No use of RED or YELLOW zone chemicals 
 Take the Metro No Pesticides Pledge 
Vegetation Levels  
A. Overstory Canopy Storm Water Management 
30 feet or higher | Examples: Oregon White Oak 
or Western Red Cedar Gold 1, Sliver 2, Platinum 3 of the following: 
 
Large canopy tree over 30ft (cannot be 
nuisance species) 
B. Understory Canopy Disconnected downspouts where appropriate 
Less than 30 feet | Examples: Vine Maple or 
Cascara Raingardens,where appropriate 
 
Remove impervious surfaces and/or grass 500ft 
or more 
C. Large Shrub Layer Ecoroof according to City specifications 
5 to 20 feet | Examples: Indian Plum or 
Serviceberry 
Increase naturescaping 10% higher than your 
certification level requirement 
 Restore soils (i.e. leave the leaves) 
D. Small/Medium Shrub Layer 
Water conservation (i.e. eliminating lawn 
irrigation, water in morning and evening only) 
Less than 5 feet | Examples: Salal or native ferns 
Adopt eco-friendly maintenance practicies (i.e. 
petroleum-free yard care, use landscapers from 
Backyard Landscape Directory) 
  
E. Ground Layer  
Examples: Inside-out flower or Western Red 
Columbine  
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Wildlife Stewardship; Education and Volunteerism 
Wildlife Stewardship Education and Volunteerism 
Silver 1, Gold 2, Platinum 3 of the following: Gold and Silver: Optional, Platinum At least 1 
Wildlife water feature (natural source, 
maintained bird or bug bath) Recruit 2 neighbors to signup! 
Cats indoors at all times or in an outdoor 
enclosure Allow site to be showcased in a yard tour 
Bird or bat nest boxes (appropriate to native 
species) 
Volunteer for the Backyard Habitat Certification 
Program 
Pollinator and beneficial insect nesting habitat 
(i.e. rock piles, bundles of stems and branches, 
mason bee house) 
Attend continuing education classes (i.e. EDRR 
Weed Watcher) 
Snag or nurse log 
Participate in OSU Extension Master Gardener 
Programs 
Reduce outdoor lighting during bird migration 
(March-May, Sept-Nov)  
Reduce bird window collisions  
Native pollinator meadow which bloom through 
the growing season  
 
Appendix B Figure 1:  Audubon Society or Portland (ASP) Backyard Habitat 
Certification Program (BHCP) vegetation layer definitions. These definitions were 
copied from the PAS website in 2016, and are publically available. 
 
 
A. Overstory Canopy 
 
 
B. Understory Canopy 
 
 
C. Large Shrub Layer 
 
 
D. Small/Medium Shrub 
Layer 
 
 
E. Ground Layer 
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Appendix B Table 2: Regional variation in all 18 final yard habitat variables was compared using 
several ANOVAs. Each certification level (Not Certified, Silver, Gold, and Platinum) was tested in 
each region, and all yards were pooled to test variation in vegetation regionally, without 
consideration of certification. Cell values for each variable contain the mean and standard 
error. For any significant results alpha is reported in parenthesis and the cell is bolded. For each 
full model including all regions mean and (F[P]) are reported. For certification levels which are 
rare (1 or fewer sites) in a given region “****” is displayed. Results less than 1.0 x 10^-10 are 
shown as <0.00. 
 
 NP NE NW SE SW 
All Regions 
Mean (F [P]) 
Variable Not Certified 
Bare 
Ground 
7.34 ± 
3.59 
11.98 ± 
4.02 
11.5 ± 
8.03 
11.25 ± 
2.07 
11.44 ± 
1.75 10.98 
0.29 
(0.88) 
Stone 
4.15 ± 
2.28 
1.05 ± 
2.54 8 ± 5.09 
3.7 ± 
1.31 
4.09 ± 
1.11 3.79 
0.49 
(0.75) 
Stump 
0.33 ± 
0.14 
0.11 ± 
0.16 
<0.00 ± 
0.32 
<0.00 ± 
0.08 
0.1 ± 
0.07 0.09 
1.05 
(0.39) 
Tree Base 
0.12 ± 
0.3 
0.28 ± 
0.15 
<0.00 ± 
0.29 
0.03 ± 
0.07 
0.13 ± 
0.06 0.09 
0.87 
(0.49) 
Fine Litter 
30.03 ± 
8.38 
36.16 ± 
9.36 
28.4 ± 
18.73 
37.32 ± 
4.84 
45.6 ± 
4.09 40.01 
1.04 
(0.40) 
Moss 
2.95 ± 
4.56 
13.34 ± 
5.09 
16.2 ± 
10.19 
6.1 ± 
2.63 
11.45 ± 
2.22 9.05 
1.36 
(0.27) 
Lichen 
<0.00 ± 
0.25 
0.21 ± 
0.28 
<0.00 ± 
0.55 
0.28 ± 
0.14 
0.03 ± 
0.12 0.12 
0.54 
(0.71) 
Lawn 
47.19 ± 
9.18 
29.08 ± 
10.27 
35.2 ± 
20.53 
29.28 ± 
5.3 
20.53 ± 
4.48 27.34 
1.82 
(0.14) 
Mulch 
13.73 ± 
8.7 
12.99 ± 
9.72 
<0.00 ± 
19.45 
15.46 ± 
5.02 
19.11 ± 
4.24 16.39 
0.34 
(0.85) 
Herbaceou
s 
30.05 ± 
7.99 
31.62 ± 
8.93 
25 ± 
17.86 
35.94 ± 
4.61 
39.73 ± 
3.9 36.42 
0.52 
(0.72) 
Shrub 
25.04 ± 
10.32 
26.46 ± 
11.53 
86.2 ± 
23.07 
35.52 ± 
5.96 
36.12 ± 
5.03 34.97 
1.62 
(0.19) 
Tree 
28.38 ± 
7.4 
40.94 ± 
8.27 
21.5 ± 
16.55 
28.92 ± 
4.27 
37.12 ± 
3.61 33.49 
0.99 
(0.42) 
Exotic Herb 
11.88 ± 
6.61 
25.93 ± 
7.39 
25.9 ± 
14.78 
20.17 ± 
3.82 
28.48 ± 
3.22 23.69 
1.59 
(0.19) 
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Exotic 
Shrub 
9.53 ± 
7.21 
5.26 ± 
8.06 
26 ± 
16.12 
18.57 ± 
4.16 
15.96 ± 
3.52 15.4 
0.82 
(0.52) 
Exotic Tree 
17.95 ± 
5.34 
15.23 ± 
5.97 0 ± 11.94 
13.85 ± 
3.08 
17.92 ± 
2.6 15.97 
0.74 
(0.57) 
Native 
Herb 
18.88 ± 
6.17 
5.26 ± 
6.9 0 ± 13.8 
17.82 ± 
3.56 
12.97 ± 
3.01 14.24 
1.13 
(0.36) 
Native 
Shrub 
15.17 ± 
8.25 
22.68 ± 
9.23 
60.2 ± 
18.45 
18.87 ± 
4.76 
20.35 ± 
4.03 20.37 
1.30 
(0.28) 
Native Tree 
9.97 ± 
6.07 
28.37 ± 
6.78 
21.5 ± 
13.57 
14.49 ± 
3.5 
21.78 ± 
2.96 18.69 
1.67 
(0.18) 
  
Silver 
Bare 
Ground 
7.19 ± 
2.38 31 ± 9.2 
<0.00 ± 
9.2 
9.33 ± 
2.66 
7.32 ± 
4.6 8.49 
1.83 
(0.15) 
Stone 
7.54 ± 
2.22 
2.86 ± 
8.6 
17.5 ± 
8.6 
5.12 ± 
2.48 1.1 ± 4.3 6.04 
0.96 
(0.45) 
Stump 
<0.00 ± 
0.01 
<0.00 ± 
0.05 
<0.00 ± 
0.05 
<0.00 ± 
0.01 
0.093  ± 
0.02  
(0.004) 0.01 
3.26 
(0.03) 
Tree Base 
0.15 ± 
0.1 
<0.00 ± 
0.37 
<0.00 ± 
0.37 
0.22 ± 
0.11 
0.27 ± 
0.19 0.18 
0.23 
(0.92) 
Fine Litter 
23.21 ± 
4.44 
8.43 ± 
17.2 40 ± 17.2 
35.95 ± 
4.97 
45.23 ± 
8.6 30.57 
2.19 
(0.10) 
Moss 
3.09 ± 
1.46 
4.29 ± 
5.64 
<0.00 ± 
5.64 
2.86 ± 
1.63 
14.00  ± 
2.82  
(0.0029) 4.27 
3.47 
(0.02) 
Lichen 
0.3 ± 
0.17 
<0.00 ± 
0.66 
<0.00 ± 
0.66 
0.05 ± 
0.19 
0.03 ± 
0.33 0.16 
0.34 
(0.85) 
Lawn 
20.77 ± 
4.62 
66.43  ± 
17.9  
(0.01) 
<0.00 ± 
17.9 
18.88 ± 
5.17 
24.49 ± 
8.95 21.29 
2.03 
(0.12) 
Mulch 
36.79 ± 
5.96 
66.43 ± 
23.09 
45 ± 
23.09 
28.5 ± 
6.66 
21.98 ± 
11.54 31.11 
0.97 
(0.44) 
Herbaceou
s 
38.12 ± 
4.23 
51.14 ± 
16.38 
42.5 ± 
16.38 
37.18 ± 
4.73 
25.67 ± 
8.19 36.8 
0.71 
(0.59) 
Shrub 
32.17 ± 
4.68 
<0.00 ± 
18.11 
33.25 ± 
18.11 
41.66 ± 
5.23 
38.43 ± 
9.06 35.44 
1.46 
(0.24) 
Tree 
24.02  ± 
4.21  
(0.005) 
36.43 ± 
16.32 
81.75  ± 
16.32  
(0.008) 
27.56  ± 
4.71  
(0.023) 
42.88 ± 
8.16 29.72 
3.74 
(0.015) 
Exotic Herb 
26.14 ± 
3.61 
41.71 ± 
13.98 
23 ± 
13.98 
21.5 ± 
4.04 
16.24 ± 
6.99 23.63 
0.89 
(0.48) 
Exotic 
Shrub 
14.44 ± 
4.03 0 ± 15.61 
10.5 ± 
15.61 
17.29 ± 
4.51 
23.61 ± 
7.81 16.03 
0.59 
(0.67) 
Exotic Tree 
16.93 ± 
4.26 
12.86 ± 
16.51 0 ± 16.51 
17.86 ± 
4.77 
8.79 ± 
8.25 15.64 
0.48 
(0.75) 
Native 
Herb 
13.23 ± 
2.68 10.86 
14.5 ± 
10.39 16 ± 3 
12.07 ± 
5.19 14.06 
0.19 
(0.94) 
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Native 
Shrub 
17.72 ± 
3.59 <0.00 
21.25 ± 
13.89 
24.67 ± 
4.01 
17.11 ± 
6.94 19.74 
1.00 
(0.42) 
Native Tree 
7.64  ± 
3.52  
(0.0001) 13.57 
81.75  ± 
13.63  
(0.0001)  
10.14   ± 
3.94  
(0.0008) 
35.61 ± 
6.82 14.36 
9.74 
(<0.0001
) 
  
Gold 
Bare 
Ground 
14.22 ± 
2.07 
11.74 ± 
4.32 **** 
7.59 ± 
1.76 
12.56 ± 
1.63 11.28 
2.34 
(0.08 
Stone 
3.76 ± 
1.64 
1.94 ± 
3.42 **** 
4.24 ± 
1.4 
4.51 ± 
1.29 4.1 
0.18 
(0.91 
Stump 0 ± 0.01 
<0.00 ± 
0.02 **** 
<0.00 ± 
0.01 
0.01 ± 
0.01 0 
0.53 
(0.67 
Tree Base 
0.17 ± 
0.08 
0.1 ± 
0.17 **** 
0.09 ± 
0.07 
0.06 ± 
0.07 0.1 
0.37 
(0.78 
Fine Litter 
35.9 ± 
5.41 
46.7 ± 
11.25 **** 
39.92 ± 
4.59 
42.54 ± 
4.25 40.34 
0.42 
(0.74 
Moss 
4.49 ± 
2.19 
8.9 ± 
4.56 **** 
5.33 ± 
1.86 
6.56 ± 
1.72 5.8 
0.36 
(0.78 
Lichen 
0.01 ± 
0.05 
0.52 ± 
0.11 **** 0 ± 0.04 
0.05 ± 
0.04 0.05 
6.76 
(0.0006 
Lawn 
22.79 ± 
4.58 
21.52 ± 
9.54 **** 
21.21 ± 
3.9 
13.72 ± 
3.61 18.74 
1.07 
(0.37 
Mulch 
17.49 ± 
6.36 
15.37 ± 
13.25 **** 
25.26 ± 
5.41 
15.32 ± 
5.01 19.09 
0.67 
(0.57 
Herbaceou
s 
32.32 ± 
4.48 
35.77 ± 
9.32 **** 
36.46 ± 
3.8 
40.04 ± 
3.52 36.81 
0.62 
(0.60 
Shrub 
49.68 ± 
6.46 
57.23 ± 
13.45 **** 
50.92 ± 
5.49 
44.34 ± 
5.08 48.46 
0.44 
(0.73 
Tree 
33.18 ± 
5.42 
34.53 ± 
11.28 **** 
31.99 ± 
4.6 
39.25 ± 
4.26 35.18 
0.51 
(0.68 
Exotic Herb 
19.01 ± 
3.75 
14.75 ± 
7.8 **** 
20.28 ± 
3.19 
21.09 ± 
2.95 19.99 
0.22 
(0.88 
Exotic 
Shrub 
14.69 ± 
3.86 
18.3 ± 
8.03 **** 
12.49 ± 
3.28 
11.15 ± 
3.04 12.81 
0.34 
(0.80 
Exotic Tree 
19.8 ± 
4.52 
10.23 ± 
9.41 **** 
17.43 ± 
3.84 
13.39 ± 
3.56 16.05 
0.59 
(0.63 
Native 
Herb 
17.4 ± 
3.69 
19.57 ± 
7.69 **** 
18.63 ± 
3.14 
20.89 ± 
2.91 19.25 
0.20 
(0.89 
Native 
Shrub 
38.23 ± 
4.84 
37.62 ± 
10.07 **** 
39.29 ± 
4.11 
33.26 ± 
3.81 36.65 
0.44 
(0.73 
Native Tree 
12.83 ± 
4.96 
26.25 ± 
10.32 **** 
16.48 ± 
4.21 
27.21 ± 
3.9 20.25 
2.19 
(0.10 
  
Platinum 
Bare 
Ground 
4.59 ± 
9.01 **** 
22.03 ± 
7.36 
8.05 ± 
9.01 
16.84 ± 
5.2 14.8 
0.99 
(0.44) 
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Stone 
1.48 ± 
5.64 **** 
7.77 ± 
4.6 
16.35 ± 
5.64 
1.26 ± 
3.26 5.12 
2.04 
(0.18) 
Stump 
<0.00 ± 
0.28 **** 
<0.00 ± 
0.23 
<0.00 ± 
0.28 
0.33 ± 
0.16 0.15 
0.73 
(0.56) 
Tree Base 0 ± 0.15 **** 
0.06 ± 
0.13 
0.38 ± 
0.15 
0.06 ± 
0.09 0.1 
1.31 
(0.33) 
Fine Litter 
34.64 ± 
16.07 **** 
26.26 ± 
13.12 
50.36 ± 
16.07 
48.28 ± 
9.28 41.42 
0.79 
(0.53) 
Moss 
4.39 ± 
8.91 **** 
23.07,  
(0.05 ± 
7.28 
0.38 ± 
8.91 
5.18 ± 
5.15 8.44 
1.82 
(0.21) 
Lichen 
<0.00 ± 
0.31 **** 
0.42 ± 
0.25 
<0.0 ± 
0.31 
0.33 ± 
0.18 0.25 
0.68 
(0.58) 
Lawn 
17.73  ± 
3.15  
(0.002) **** 
3.03 ± 
2.57 
<0.00   ± 
3.15  
(0.05) 
2.99 ± 
1.82 4.81 
6.87 
(0.01) 
Mulch 
38.22 ± 
19.37 **** 
1.67 ± 
15.82 
7.5 ± 
19.37 
21.47 ± 
11.18 17.33 
0.85 
(0.50) 
Herbaceou
s 
39.44 ± 
18.78 **** 
48.4 ± 
15.34 
66.76 ± 
18.78 
30.68 ± 
10.84 41.67 
1.01 
(0.43) 
Shrub 
57.63 ± 
15.35 **** 
55.46 ± 
12.53 
19.31 ± 
15.35 
50.77 ± 
8.86 48.07 
1.45 
(0.29) 
Tree 
24.03 ± 
17.56 **** 
52.23 ± 
14.34 
44.47 ± 
17.56 
55.07 ± 
10.14 48.01 
0.83 
(0.51) 
Exotic Herb 
28.2 ± 
16.1 **** 
10.06 ± 
13.14 
31.35 ± 
16.1 
18.54 ± 
9.29 20.04 
0.45 
(0.72) 
Exotic 
Shrub 
5.83 ± 
7.2 **** 
10.83 ± 
5.88 
5.83 ± 
7.2 
17.32 ± 
4.16 12.29 
1.04 
(0.42) 
Exotic Tree 
19.68 ± 
11.37 **** 
6.37 ± 
9.28 
7.81 ± 
11.37 
15.38 ± 
6.57 12.8 
0.40 
(0.76) 
Native 
Herb 
11.57 ± 
13.48 **** 
41.17 ± 
11.01 
44.53 ± 
13.48 
14.02 ± 
7.78 24.6 
2.41 
(0.13) 
Native 
Shrub 
52.84 ± 
16.73 **** 
41.81 ± 
13.66 
14.08 ± 
16.73 
32.98 ± 
9.66 35.17 
1.00 
(0.44) 
Native Tree 4.36 ± 16 **** 
43.28 ± 
13.07 
37.28 ± 
16 
45.24 ± 
9.24 37.28 
1.73 
(0.23) 
  
All Sites 
Bare 
Ground 
9.67 ± 
1.48 
14.27 ± 
3.09 
15.52 ± 
3.91 
9.22  ± 
1.27  
(0.047) 
12.2 ± 
1.21 10.87 
1.54 
(0.19) 
Stone 
5.31 ± 
1.11 
1.61 ± 
2.31 
9.76 ± 
2.93 
4.81 ± 
0.96 
3.7 ± 
0.91 4.53 
1.55 
(0.19) 
Stump 
0.05 ± 
0.04 
0.06 ± 
0.08 0 ± 0.1 0 ± 0.03 
0.09 ± 
0.03 0.05 
1.62 
(0.33) 
Tree Base 
0.13 ± 
0.05 
0.18 ± 
0.11 
0.03 ± 
0.14 
0.12 ± 
0.04 
0.11 ± 
0.04 0.12 
0.20 
(0.94) 
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Fine Litter 
29.55 ± 
3.16 
36.65 ± 
6.62 
29.44 ± 
8.37 
38.52 ± 
2.73 
44.65  ± 
2.59  
(0.005) 38.14 
3.7 
(0.007) 
Moss 
3.67  ± 
1.47  
(0.001) 
10.54 ± 
3.08 
17.08  ± 
3.9  
(0.13)  
4.74  ± 
1.27  
(0.005) 
8.95 ± 
1.21 6.71 
4.67 
(0.001) 
Lichen 
0.13 ± 
0.08 
0.3 ± 
0.16 
0.25 ± 
0.21 
0.1 ± 
0.07 
0.07 ± 
0.06 0.12 
0.56 
(0.69) 
Lawn 
25.12 ± 
3.15 
30.91 ± 
6.6 
8.86 ± 
8.34 
22.29 ± 
2.72 
16.06 ± 
2.59 20.77 
2.49 
(0.046) 
Mulch 
26.41 ± 
3.79 
12.26 ± 
7.94 
10 ± 
10.04 
22.2 ± 
3.27 
18.07 ± 
3.11 20.79 
1.36 
(0.25) 
Herbaceou
s 
34.89 ± 
2.98 
35.62 ± 
6.24 
42.54 ± 
7.89 
37.77 ± 
2.57 
37.73 ± 
2.45 37.12 
0.30 
(0.87) 
Shrub 
39.11 ± 
3.9 
34.69 ± 
8.16 
57.17 ± 
10.32 
42.29 ± 
3.37 
41.31 ± 
3.2 41.28 
0.86 
(0.49) 
Tree 
28.04 ± 
3.12 
37.97 ± 
6.52 
51.99 ± 
8.25 
30.41 ± 
2.69 
40.5 ± 
2.56 34.56 
4.22 
(0.003) 
Exotic Herb 
21.57 ± 
2.51 
23.71 ± 
5.26 
15.82 ± 
6.65 
21.03 ± 
2.17 
23.41 ± 
2.06 21.97 
0.42 
(0.80) 
Exotic 
Shrub 
13.34 ± 
2.47 
9.49 ± 
5.16 
13.8 ± 
6.53 
15.37 ± 
2.13 
14.76 ± 
2.03 14.3 
0.33 
(0.86) 
Exotic Tree 
18.3 ± 
2.46 
13.06 ± 
5.15 
3.82 ± 
6.52 
15.99 ± 
2.13 
15.09 ± 
2.02 15.65 
1.20 
(0.31) 
Native 
Herb 
15.49 ± 
2.35 
11.33 ± 
4.91 
27.6 ± 
6.21 
18.8 ± 
2.03 
16.22 ± 
1.93 16.99 
1.40 
(0.24) 
Native 
Shrub 
26.98 ± 
3.27 
25.45 ± 
6.84 
41.37 ± 
8.66 
27.97 ± 
2.82 
26.77 ± 
2.68 27.63 
0.70 
(0.60) 
Native Tree 
9.71  ± 
2.84  
(0.001) 
25.72 ± 
5.94 
46.62  ± 
7.52  
(0.006) 
15.11  ± 
2.45  
(0.007) 
27.75 ± 
2.33 19.94 
10.40 
(<0.001) 
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Appendix B Table 3: National Wildlife Federation certification criteria as taken from 
the NWF website in 2016. 
 
3 food sources; Examples:  Sustainability; Do 2 of the following: 
Native plants that offer seeds, berries, 
nuts or nectar  
Healthy insect population Soil and water conservation; Examples 
Supplemental bird feeders Limit water use 
 Compost 
1 water source; Examples: Mulch 
Birdbath Reduce lawn and pavement 
Water garden Use soaker hose 
Water dish Install rain garden 
Natural steam or pond  
 
Controlling invasive exotic species; 
Examples: 
2 sources of cover; Examples: Use native plants 
Dense vegetation Remove invasive exotic plants 
Brush or rock pile Keep cats indoors 
Bat house  
Roosting box Organic practices; Examples 
 
Eliminate chemical pesticides and 
fertilizers 
2 places to raise young; Examples: Attract beneficial insects 
Trees and shrubs  
Caterpillar host plants  
Pond for amphibians  
Bird nesting boxes  
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Appendix C Table 1: BHCP Program requirements. These are criteria were copied 
from the Audubon Society or Portland website in 2016, and are publically available. 
Invasive Weeds (Prohibited) 
Silver Gold Platinum 
Evergreen and Armenian 
Blackberry (Rubus laciniatus and 
Rubus armeniacus) 
Butterfly Bush (Buddleia davidii 
– all varieties) 
Creeping Jenny (Lysimachia 
nummularia) 
Garlic Mustard (Alliaria 
petiolata) 
False Brome (Brachypodium 
sylvaticum) 
English and Portuguese Laurel 
(Prunus spp.) 
Giant Hogweed (Heracleum 
mantegazzianum) 
Hedge Bindweed (Calystegia 
sepium) Fennel (Foeniculum spp.) 
Ivy (all cultivars, Hedra spp.) Italian Arum (Arum italicum) 
Large and Small-leaf 
Periwinkle (Vinca spp.) 
Knotweed (Polygonum spp.) 
Japanese Butterbur (Petasites 
japonica) 
Reed Canarygrass and Ribbon 
Grass (Phalaris arundinacea) 
Orange Hawkweed (Hieracium 
aurantiacum) 
Lesser Celandine (Ranunculus 
ficaria)   
Pokeweed (Phytolacca 
americana) 
Pampas and Jubata Grass 
(Cortaderia ssp.)   
Policeman’s Helmet (Impatiens 
glandulifera) 
Robert Geranium (Geranium 
robertianum)   
Purple Loosestrife (Lythrum 
salicaria) 
Shining Geranium (Geranium 
lucidum)   
Scot’s Broom (Cytisus scoparius)    
Spotted, Meadow and Diffuse 
Knapweeds (Centaurea spp.) 
Invasive Trees – 
under 20ft 
Invasive Trees – 
over 20ft 
Spurge Laurel (Daphne laureola) 
Black Locust (Robinia 
pseudoacacia) 
Black Locust (Robinia 
pseudoacacia) 
Traveler’s Joy (Clematis vitalba) 
English Hawthorn (Crataegus 
monogyna) 
English Hawthorn (Crataegus 
monogyna) 
Yellow Archangel (Lamiastrum 
galeoblodon) English Holly (Ilex aquifolium) English Holly (Ilex aquifolium) 
Yellow Flag Iris (Iris 
pseudacorus) 
Norway Maple (Acer 
platanoides) 
Norway Maple (Acer 
platanoides) 
  
Tree-of-Heaven (Ailanthus 
altissima) 
Tree-of-Heaven (Ailanthus 
altissima) 
 
Vegetation and Pesticides 
Vegetation Pesticides 
Silver Silver 
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Naturescape at least 5% of available property with 
locally native plants* 
Use only YELLOW or GREEN zone chemicals if 
necessary, according to an IPM strategy 
Include at least 3 out of 5 vegetation levels No use of RED zone chemicals 
  
Gold Gold 
Naturescape at least 15% of available property 
with locally native plants* 
Use only GREEN zone chemicals if necessary, 
according to an IPM strategy 
Include at least 4 out of 5 vegetation levels No use of RED or YELLOW zone chemicals 
  
Platinum Platinum 
Naturescape at least 50% of available property 
with locally native plants* 
Use only GREEN zone chemicals if necessary, 
according to an IPM strategy 
Include all 5 vegetation levels No use of RED or YELLOW zone chemicals 
 Take the Metro No Pesticides Pledge 
Vegetation Levels  
A. Overstory Canopy Storm Water Management 
30 feet or higher | Examples: Oregon White Oak 
or Western Red Cedar Gold 1, Sliver 2, Platinum 3 of the following: 
 
Large canopy tree over 30ft (cannot be nuisance 
species) 
B. Understory Canopy Disconnected downspouts where appropriate 
Less than 30 feet | Examples: Vine Maple or 
Cascara Raingardens,where appropriate 
 
Remove impervious surfaces and/or grass 500ft 
or more 
C. Large Shrub Layer Ecoroof according to City specifications 
5 to 20 feet | Examples: Indian Plum or 
Serviceberry 
Increase naturescaping 10% higher than your 
certification level requirement 
 Restore soils (i.e. leave the leaves) 
D. Small/Medium Shrub Layer 
Water conservation (i.e. eliminating lawn 
irrigation, water in morning and evening only) 
Less than 5 feet | Examples: Salal or native ferns 
Adopt eco-friendly maintenance practicies (i.e. 
petroleum-free yard care, use landscapers from 
Backyard Landscape Directory) 
  
E. Ground Layer  
Examples: Inside-out flower or Western Red 
Columbine  
 
Wildlife Stewardship; Education and Volunteerism 
Wildlife Stewardship Education and Volunteerism 
Silver 1, Gold 2, Platinum 3 of the following: Gold and Silver: Optional, Platinum At least 1 
Wildlife water feature (natural source, maintained 
bird or bug bath) Recruit 2 neighbors to signup. 
Cats indoors at all times or in an outdoor 
enclosure Allow site to be showcased in a yard tour 
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Bird or bat nest boxes (appropriate to native 
species) 
Volunteer for the Backyard Habitat Certification 
Program 
Pollinator and beneficial insect nesting habitat 
(i.e. rock piles, bundles of stems and branches, 
mason bee house) 
Attend continuing education classes (i.e. EDRR 
Weed Watcher) 
Snag or nurse log 
Participate in OSU Extension Master Gardener 
Programs 
Reduce outdoor lighting during bird migration 
(March-May, Sept-Nov)  
Reduce bird window collisions  
Native pollinator meadow which bloom through 
the growing season  
 
 
 
 
 
 
 
 
 
 
 
 
